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SUMMARY

Geophysical vessei monitoring and bowhead whaIe behavioral observations in

the western Beaufort Sea were carried out by crews aboard two aircraft, N642

and N655MA,  from August 18 to September 30, 1983. Nineteen monitoring grids

around geophysical vessels were completed during the 41 survey flights initiated

by N64~  15 whales were sighted within the 2000 km2 survey grid on 5 of these

flights.

Behavioral observations were made while N642 and N655 MA circled over

whales for 32.2 h, from 1360 W to 1540W.  Whales considered exposed to seismic

sounds on six days were referred to as potentially disturbed (in the presence of

seismic sounds), and detailed behavioral data was obtained on three of those days

(September 8, 16, and 18). Number of blows per surfacing was significantly lower

for potentially disturbed whales and blow intervab  were not quite significantly

longer for disturbed than for undisturbed whales. Neither surface nor dive time

were significantly different between undisturbed and potentially disturbed whales.

Due to the heavy ice coverage which prevailed in 1983, bowhead

whale/geophysical vessel interactions and controlled experiments could not be

successf  uI1 y completed. Nevertheless, behavioral data on undisturbed and

predominately migrating bowheads were collected. Undisturbed bowheads were

observed during 87.5% of the time (28.2 h). Summary statistics for undisturbed

non-calves included 1261 blow intervals, 154 number of blows per surfacing, 168

surf ace times and 59 dive times. The mean blow interval was 14.4 3 s.d. 9.46s,

mean number of bIows  per surfacing 5.6 2 s.d. 3.34, mean surface time

1.333 s.d. 1.095 rein, and mean dive time 7.11: s.d. 5.943 min.



INTRODUCTION

Thesearch forand recovery of oil resources in the Beaufort Sea has brought

about the possibility of disturbance. to the marine environment. Potential causes

of acoustic disturbance are waterborne sounds generated by aircraft and vessel

traffic, industrial noise from drill platforms and islands, and seismic survey

signals originating from open- water geophysical vessels searching acoustically for

evidence of oil deposits. The presence of geophysical and other industry-related

sounds has led to increasing concern about the effects of such potentiaI

disturbance on resident and migrating stocks of marine mammals, in particular

the endangered bowhead whales  Balaena m ysticetus.

Bowhead whales migrate each spring during April to June from winter. . .
grounds in the Bering Sea to summer f ceding grounds in the Canadian Beauf ort

S e a  (Ljungblad,  198i; Ljungblad  et  a l . 1980, 1982, 1983, 1984). The spring

migration through the Alaskan Beaufort Sea is offshore and to the north of areas

currently being considered for leasing for oil resources. Summer feeding grounds

in the eastern Beauf ort Sea, however, are within areas of industrial development

in the search for and recovery of oil, via artificial islands and drillships

(Richardson and Fraker, 1982; Richardson et al. 1983a). The Minerals

Management Service (MMS) has funded research on the possible effects of

industrial activity on feeding bowheads in the Canadian Beaufort Sea since 1980

(Fraker  et al. 1983 Richardson et al. in press).

From August through October the bowheads migrate westward from the

Canadian Beauf ort Sea, through the Alaskan Beaufort and Chukchi Seas, finally

returning to their wintering grounds in the Bering Sea. This migration has been

monitored since 1979 by

Ljungblad  et al. 1980, 1982,

are currently being explored

migration also coincides with

MMS-sponsored aerial surveys (Ljungblad,  1981; “Q

1983, 1984), and passes near or through areas which

for oil resources or considered for oil leasing. The B
the short open-water geophysical exploration season

which is from August to

migrating bowhead whales

area each fail.

The sounds produced

early October in the Alaskan Beaufort Sea, placing
1

and operating geophysical vessels in the same general

by geophysical vessels, originating from airgun arrays, B

are high pressure-level pulses of up to 248 decibels (dB) re 1 microPascal

(Yohnston  and Cain, 1981, as cited ~ Fraker  et al. 1982) at generally low I

frequency ranges of 10- 200 Hertz (Hz) (Barger  and Hamblen,  1980). Concern

about the potential disturbance of bowhead whales by seismic survey signals has
2
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led to MMS-sponsored efforts to monitor geophysical vesseI/bowhead

interaction in areas of the Alaskan Beaufort Sea where bowheads are found

their fall migration.

whale

during

Geophysical sounds in the presence of bowheads were first heard and

recorded in the fdl of 1979 during endangered whale surveys for the MMS

(Ljungblad  et aL 1980). In 1981, the MMS requested the Naval Ocean Systems

Center (NOSC),  San Diego, to monitor geophysical activities in the Alaskan

Beaufort Sea in association with ongoing distribution surveys. Daily reports were

provided to decision making officials who, based on the presence of whales, closed

areas of the Alaskan Beaufort to geophysical operations. In the fall of 1982, the

monitoring effort was expanded, and an additional aircraft and crew were

dedicated to monitoring geophysical operations as well as collecting opportunistic

behavioral data on bowheads in the presence and absence of geophysical sounds

(Reeves et al. 1983).  Daily reports were again communicated to appropriate

officials, who regulated seismic operations by closing down areas of the Beaufort

Sea to geophysical operations if whales were present and migrating through.

To date, the results of research into the effects of geophysical sounds on

bowhead whale behavior have been inconclusive. In 1981, bowheads in the

Canadian Beaufort Sea were observed on two occasions within 8 to 13 km of an

active geophysical vessel which was using sleeve exploders, and the bowheads

showed no conclusive evidence of alterations in surfacing and respiration

characteristics when compared to whales in the absence of geophysical noise

(Fraker  et al. 1982). A degree of apparent tolerance to geophysical noise was aho

noted in 1981 in the Alaskan Beaufort Sea, when bowheads were observed within

14 km of an active geophysical vessel and did not exhibit any observable flight

response from the area (DKL, pers.  ohs.). The 1982 studies in both the Alaskan

and Canadian Beaufort Sea supported earlier findhgs that no avoidance reactions

could be detected when bowheads were observed in the vicinity of active

geophysical vessels (Reeves et al. 198> Richardson et al. 1983b).  However,

these results are based on opportunistic observations, and are generally

inconclusive.

By 1983, it had become ciear that to answer the question of whether or not

seismic sounds from geophysical exploration have a deleterious effect on

bowheads, a controlled experimental approach was necessary. A conference, held

in February of 1983 in San Diego, was convened and attended by representatives

from industry, the federal government and the scientific community. The topics

of interest at this meeting included the areas of the Beaufort Sea in which to

3
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conduct such experiments, and the experimental design. Although both the

Alaskan Beauf ort Sea and the Canadian Beaufort Sea were considered it was

agreed that for the results of experimental dktut-bance  trials to be directly

relevant to management needs, such trials should preferably be conducted:

a) in Alaskan waters where the potential problem resides,

b) at a time of year when the coincident use of these waters by migrating

bowheads and geophysical vessels occurs, and

c) with a commercial geophysical vessel in full-scale operation.

In other words, the circumstances surrounding the trials must resemble as closely

= possible  those that  exist in the norm~  industri~  and biologic~  context  o f
concern. The experimental design and research protocol were developed through

discussions among representatives of the MMS, member companies of the

International Association of Geophysical Contractors, and the NOSC, the agency

contracted to conduct the experiments and collect bowhead behavioral data in

Alaska. Two geophysical companies, Western Geophysical Co. and Geophysical

Service Inc., generously offered to make ship time available for this work, with

the understandhg  that their participating vessels would operate under the dkect

guidance of the researchers. The plan, described under “Experimental Design and

Research Protocol - N655MA”, was to be implemented during the bowheads’ fall

migration through the Alaskan Beaufort Sea in September and eariy October ~83.

With these considerations in mind, the MMS provided three aircraft with

crews in fall 1983: one dedicated to monitoring geophysical vessels in the Alaskan

Beaufort Sea, as well as to making opportunistic observations of behavior (N642);

the second dedicated to behavioral observations of bowheads and conducting

experimental dbturbance  trials in cooperation with commercial geophysical

vessels (N655 MA). In support of these two aircraft, measurements of waterborne

seismic survey signals were to be obtained, under controlled conditions, from

cooperating geophysical vesseIs operating in the Alaskan Beaufort Sea. The third

aircraft (N780)  was to be responsible for regional surveys to determine

distribution, abundance, migration, and habitats of endangered whales in the

northern Bering, eastern Chukchi, and Alaskan Beaufort Seas (see L jungblad et al.

1984).

Unfortunately, exceptionally severe ice conditions during fall 1983 in the

Alaskan Beaufort Sea frustrated attempts to conduct the experimental

disturbance trials. There were few areas in the Alaskan Beaufort Sea sufficiently

clear of ice that were accessible to geophysical vessels or withh which safe and

efficient geophysical operations were possible. The requirement that bowheads
4.



(the intended experimental subjects) be found unreasonably close proximity to a

cooperating geophysical vessel (the intended stimulus)~ at a time when weather)

availability of light, and other environmental conditions were suitable, could not

be met.

Thus, this paper consists of the followin~

1] a description of the methods used aboard the “monitoring” aircraft, Grumman

Goose N642, to monitor geophysical activity, as well as the methods used to

estimate rate of movement (swimming speed) of bowheads;

2) a description of the experimental design and research protocol intended to be

employed with the dedicated “behavior” aircraft, Twin Otter N655MA,  as well as

a description of the methods used on both N655MA and N642 to collect data on

bowhead behavior under conditions in which no experimental control was possible;

3) results of the monitoring effort, including estimations of swimming speeds and

a description of ice conditions;

4) summaries of qualitative and quantitative data on bowhead behavior collected

from both the dedicated “behavior” aircraft and the “monitoring” aircraft;

5) an analysis of the combined quantitative data from both aircraft;

6) in Appendix A, summaries and flight tracks for the flights by N64~  and

7) in Appendix B, a description of methods and results of acoustic measurements

of seismic survey signals obtained in the shallow Beaufort Sea, from a cooperating

geophysical vesseL

5



B
MONITORING AND REGULATORY PROCEDURES

In fail of 1982, geophysical vessels operated under permits requiring them to

shut down their seismic operations when:

(a) they were notified by the monitoring aircraft that bowheads  within

their “zone of influence”, defined as 5.0 nautical miles (9.3 km), were potentially

being disturbed,

(b) bowheads were sighted from the vessels, or

(c) officials of the MMS, after consultation with officials of the National

Marine Fisheries Service (NMFS),  determined that due to the presence of

migrating bowheads, a given area was closed to seismic exploration (Reeves et al.

1983).

The permits under which offshore, open-water geophysical operations were

conducted in 1983 differed from those issued in 1982 (information provided by the

MMS). In 1983, part of the responsibility for monitoring bowhead distribution in

the vicinity of seismic operations was assigned to the geophysical companies

themselves. As a condition of their permits, the companies were required to post

a whale lookout, equipped with standard field binoculars of 7 x 35 or higher power

magnification, on board any vessei during the time that the seismic sound source

was in operation. No airgun was to be discharged if an “endangered” whale (e.g.

bowhead or gray whale, Eschrichtius robustus)  was “within the lookout’s range of

vision.” *

In addition, the companies were required to submit monitoring plans for

approval by the MMS, which would ‘Jensure  that endangered whales are not within

5.0 nautical miles of the vessel when the seismic sound source is operating”.

Such plans were to take effect after it was determined by the MMS that the

bowhead migration had begun and that whales were “in the general area of the

vessel”. It was further stipulated thah “Whenever the monitoring becomes

ineffective because of condition of available light, sea state, fog or other factors

then the seismic sound source must be shut down until effective monitoring is

reestablished”. Both companies that conducted marine seismic operations in the

Alaskan Beaufort Sea during September 1983 (Western Geophysical Co. and

Geophysical Service Inc.) submitted acceptable monitoring plans and made

extensive use of aircraft in implementing these plans.

6



METHODS

Field Procedures - N642 and N655MA

An amphibious Grumman Goose G21-C  aircraft (N642) and a de Havilland

Series 300 Twin Otter aircraft (N655MA)  were used. Both aircraft have two

turbo-prop engines and high wing configuration, and are equipped with observation

“bubbles” to facilitate watching whales, radar altimeters for precise altitude

information, and Globs! Navigation System 500A Series VLF computers

(GNS500A)  for navigation.

The aircraft and their respective crews of five or six (pilot, co-pilot, data

recorder, two principal observers, and usually a video-camera operator) were

based in Deadhorse, Alaska, near Prudhoe Bay (Figure 1). The Grumman Goose

(N642) operated in the Alaskan Beaufort Sea in a geophysical vessel monitoring

capacity from August 17 through September 30, 1983. The Twin Otter (N655MA)

arrived on the north slope of Alaska on August 27 and remained through

September 30 in support of the bowhead whale/geophysical vessel experimental

disturbance trials.

A supply of sonobuoys  was carried on board both aircraft. These units are

designed to be deployed from the air and were used to monitor and record

underwater sounds. Two types were used: AN/SSQ-41A and AN/SSQ-57A.  Sounds

received by the sonobuoy  hydrophore were transmitted on VHF to a broadband

receiver (Modified AN/USQ-42) onboard the aircraft and recorded on a dual track

Nagra IV-S3 tape recorder or a Dual-Tracer Nakamichi  550 cassette recorder.

The entire system has a frequency response of 25 Hz to 10 kliz.  These sounds

could be heard on the crew’s earphones while simultaneous y being recorded on

one tape track. Sonobuoys  were dropped near geophysical vessels to determine

whether or not they were shooting. Sonobuoys  were also dropped opportunistically

near barges, supply  vessels, ice, and whales to record waterborne noise.

Verbal notes were recorded on a Nagra IV-S3 reel-to-reel recorder, a

Nakamichi 550 cassette recorder, or a Sony Comment cassette recorder, and all

observers and the piiots were linked into the same communication system, so that

all comments made on the airplanes were recorded for potential use.

Flight data were entered and stored on Tandy Radio Shack (TRS)-80

Model  100 portable computers~  accessed to TRS computer Cassette Recorders

CCR-81 and TRS Color Graphics Printers CGP-  115. The computers were

interfaced to the aircraft’s GNS 500 for automatic input of entry number, time,

latitude, and Iongitude,  and to the radar altimeter for precise input of altitude.

7



iiE-

,,.’

,,,’

;/’,/

8

.5

d“

9
I
R
D
9



Three different data entry formats were available to the recorder: a full data

sequence (29 entries), a weather update (15 entries), and a rapid sighting update

(19entries).  One operator on each aircraft was responsible for entering data.

An on-site computing system was established at the base in Deadhorse.  It

consisted of a Hewiett-Packard  (HP85)  microcomputer, a dual-diskette drive$ a

printer/plotter$  a printer, and a phone modem. The TRS data recording system

was connected to the HP system for data transfer. once transferred ~ the flight

data could be checked for errors, and daily flight tracks could be mapped. After

the sighting data were verified$ they were put into a format on the

microcomputer allowing them to be transferred, via phone modem, to the Arctic

Environmental Information and Data Center in Anchorage. A narrative summary

of the area surveyed and conditions encountered was also sent, via phone modem,

to Anchorage daily. This system provided an efficient means of reviewing and

checking data in the field, and it ensured a rapid flow of information to regulatory

officials in Anchorage.

Addltionai  equipment on board each aircraft included 35 mm single-lens

reflex cameras with 70-2 10mm zoom lenses, Ektachrome ASA-200  color slide

film, binoculars, ciinometers,  stopwatches, and a video recorder (Panasonic

C)mnipro)  with a 75 mm lens (6:1 zoom ratio).

Monitoring Procedures - N642

The primary task of the crew on the Grumman Goose (N642)  was to fly

survey grids near seismic vessels to monitor the relative positions and dktances  of

bowhead whales from geophysical vessels. Each day the morning position,

operational status, and weather conditions for all active or potentially active

geophysical vessels in the Beauf ort Sea were obtained (Table 1). Geophysical

exploration companies received this information by radio from their respective

vessels and passed it on to us in-person or by telephone. This information was

updated throughout the day, as the monitoring crew communicated regularly with

the geophysical companies’ base camps.

As in previous years, highest priority was assigned to vessels in the eastern

portion of the study area. It was assumed that, particularly early  in the season~

the probability of encountering bowheads in this region would be higher than in

the western portion of the study area. However, vessel operations were

drastically affected by ice conditions in 1983. As a consequence, there was often

little choice about which vessel to monitor first. On many days only one or two

vessels were active, and for much of the season several vessels were in Canadian

9
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waters, unable to move west because of severe ice conditions. On some days,

several vessels were forced by ice to operate close to shore, where monitoring

was more easily accomplished. Under these circumstances, decisions about how

to allocate monitoring effort had to be made on more of an ad hoc basis than in——
1982.

During August-October 1983, the crew aboard the third aircraft (Grumman

Goose N780) performed broader regional surveys by flying sets of random north-

south transects in 1.2 blocks covering the area bounded by the north coast of

Alaska on the south, 720N on the north, near the Canadian border on the east

(1400W), and Pt. Barrow on the west (1570W)  (Ljungblad,  Moore and Van Schoik,

1984). Additional blocks in the Chukchi Sea included an area extending from Pt.

Barrow south to Pt. Hope, west to the International Date Line and north to 730N.

This team’s flight effort, which documented broad-scale distribution, relative

density, migration timing and habitat use of endangered species (principally

bowhead and gray whales), began July 31, 1983, and continued to October 19,

1983. Bowhead sightings made by this study team were reported daily to the

monitoring and behavioral studies crews and also to appropriate Federal officials

in Anchorage. This information helped direct decisions about where to

concentrate the monitoring and behavioral study efforts.

Bowheads sighted by industry personnel, either from supply helicopters, ice

reconnaissance planes, or vessels, were reported daily to the monitoring crew by

the companies (Table 2). This information aided in determining where to focus

study efforts. The monitoring crew generally preceded the behavioral studies

crew into the field, attempting to locate whales while enroute to a vessel. If

whales were located, their position was relayed via VHF radio to the behavioral

studies ,crew on board N655MA.

Once a vessel was selected for monitoring, it was located visually and a

series of systematic transects were initiated covering approximately 2000 km2

near the vessel (Figure 2). The first transect in the grid was an 18.5 km line

oriented north-south, beginning at the vessel’s position when initially sighted. The

second transect was a 37 km line parallel to the first, 4.5 km west of the vesseL

Subsequent transects were also parallei  to the first and 37 km in length, but

moved progressively eastward at 9 km intervals. This grid pattern allowed the

area immediately adjacent to the vessel  to be surveyed and enhanced chances of

intercepting relatively “unexposed” whales as they approached the sound source

from the east (in fall, the migration passes from the east to west). Transect lines

12
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Whale sightings reported by geophysical cmmpaniesTable 2.

Date

Aug 19

Aug 20

- Fall 1983.

company Comment

Western Vessel
Geophysical shooting

Western Vessel not
Geophysical shooting

Total No.
Time of whales

Vessel/Aircraft
Reporting

Western
Aleutian

Heading of
wha!esPo6ition

70042 .7’N,
143049’W

700 13’N,
14101O’W

T
I

+

2

1245 170°27tN,
140f333’w

Aug 24 Arctic
Star

Western Vessel in
Geophysical transit

70011’N,
140047’W

Aug 24 Arctic
Star

Western
1

Vessel in
Geophysical transit

Aug 25 700071N,
140030’W

Arctic
Star

Western
Geophysical I I

Aug 27 (5905(jN,
139049’W

1921 2

1800 5

0750 2

Air Log 13
Cessna Titan

Western
Geophysical

Western
Geophysical

Sep 2

Sep 4

Sep 9

&.j039tN,

138°26’W

69040’N,
138030’W

7000(-JyN,”
137050’W

3300 Western
Polaris

3300 Arctic
Star

Western
Geophysical 1

1730 2 2400 Western
Polaris

Western
Geophysical

Vessel
not

shooting

Air Log 71
helicopter

Geophysics!
Service Inc.

Sep 19 710351N,
154°56’W

1900 1

I

Sep 19 71032’N,
155~35’w

Air Log 71
helicopter

Geophysical Possible
Service Inc. whale
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were occasionally modified due to Iocal fog and snow flurries, and were

sometimes truncated to avoid flying  over land.

Standard observation procedures when flying transects were for one

principal observer to be stationed at a bubble window on each side of the aircraft,

maintaining a continuous watch. All members of the crew, as well as occasional

official guests on board, contributed to the watch for whales. Although a

surveying altitude of about 460 m was preferred, cloud ceiling and other weather

conditions sometimes dictated a lower surveying altitude. An airspeed of about

130 knots (24 1 km/hr) was maintained while surveying, and somewhat slower

speeds while circling. The primary considerations in deciding whether or not to

fly were safety and visibility; wind speed and sea state were secondary

considerations. As a result, flights were occasionally attempted when conditions

on the sea surface were suboptimal for detecting and observing whales. Poor or

marginal weather conditions, aircraft maintenance requirements and decreasing

day length were factors limiting total observation time.

Detection of whales enroute to vessel positions and along the 277 linear km

grid in the vicinity of active geophysical survey vesseis was regarded as high

priority. Thus, whales seen on transect were not circled for long periods of time.

Rather, whale positions were noted and reported to the crew of N655MA.

Opportunities to observe unexposed (undisturbed) whales immediately before or

after a geophysical survey vessel was shooting were also considered a high

priority. However, opportunities to observe undisturbed whales in the vicinity of

geophysical vessels rarely occurred in 1983. When no whales were sighted during

the grid surveys, the flight effort was directed  at searching for whales in areas of

open water. On days when vessel monitoring was not possible or desirable, for

example when no vessels were operating, or when local weather conditions made

it impossible to fly safely  in the vicinity of vessels, the monitoring aircraft flew

search or transect surveys. to find whales.

Experimental Design and Research Protocol - N655MA

The following limitations and concerns were specified in permit number 263,

issued for this work by the Secretary of Commerce under the Marine Mammal

Protection Act and the Endangered Species Act.

A major question to be addressed by the behavior and controlled experiment

studies was: “At what distance from an active geophysical vessel are avoidance

behavior or other manifestations of disturbance likely to be displayed by
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bowheads?” The answer would help define a “zone of influence” that presumably D
exists around any source of low-frequency, high-energy seismic sounds.

.

The objectives of the study as outlined in the National Marine Fisheries E
Service Permit to Take Endangered Marine Mammals No. 459, then, were:

1. To quantify the distance at which bowhead whales display an avoidance

or other reaction to an operating geophysical vesseL R

2. To replicate experiments, as possible and as judged advisable through

incremental field or laboratory analyses of new data. I

3. To provide information to government representatives as background

for decision-making processes. I
4. To assess, through synthesis with appropriate sources of information,

the biological significance of observed effects (if ,,any) for indlv.

and for the whale population.

Subordinate objectives of (1) above were:

(a) To quantify surfacing, diving, respiration, rate of

dual whales

movement,

direction of movement, vocalizations, and other behavioral parameters

of bowheads while they were being dkectly  approached by an operating

geophysical vessel or vessels.

(b) To quantify variables associated with the stimulus or stimuli of

concern, such as vessel movement, vessel direction from whales, airgun

array size and configuration, acoustic source level, frequency, and pulse

rate, received (near whales) sound level and frequency~  as well as

environmental correlates such as water depth, time of day, ice

proximity and characteristics, sea state, and aircraft altitude.

(c) To determine and describe the degree of association (statistically,

graphically, and qualitatively) between bowhead whale behavior

parameters and relevant independent variables (see a and b above).

Objective 1 and its subordkate  objectives (a-c) were motivated by the

generalized null hypothesis to be tested:

“There is no change in bowhead behavior as reiated to distance from a

moving, full y operating (%hooting’}  geophysical vessel J’

Assuming the distance (D) of a vessel from a whale or group of whales at a

point in time can be expressed as an interval level measurement, the following

subordinate null hypotheses were to be tested:

16 m
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Changes in D do not result in changes of bowhead whale

a. rate of movement ~

be direction of movement,

c. average surface time,

d. average blow intervals,

e. average number of blows

f . average dive time, and

per surfacing$

g“ there is no change in major qualitative behavioral mode (e.g. change

from skim feeding to water-column feeding, water-column feeding to

echelon f ceding, echelon feeding to dispersal, etc.).

Since received levels of acoustic measures are related to changes in D, the

major acoustic measures could be. substituted and analyzed for their degree of

covariant association with behavioral measures. Once testing of general

hypotheses had been addressed, additional hypotheses or comparisons could have

been made. For instance, it might have been instructive to make controlled

comparisons of animal behavior at significantly different water depths, proximity

to ice, change in vessel operational characteristics, or dlf ference between major

behavioral modes (e.g. migrating vs. feeding).

The general approach for meeting the objectives and testing the hypotheses

listed above was to place an aircraft and crew in the field to (1) locate bowhead

whales, (2) observe and measure whale behavior, acoustic and environmental

variables?  and (3) exercise control, via radio  communication, over the movement

and operational status of cooperating geophysical vessels during proposed

experiments. It was our intention to subject the behavioral and acoustic data to

preliminary analysis and to provide results, along with field  interpretations, to the

MMS in Anchorage on a daily basis.

The fieid  conditions necessary for experiment initiation constituted an

important Iimiting  factor. Experiments could be attempted only during conditions

of adequate visibility (little or no fog and a sea state of less than Beauf ort 3), safe

aircraft operation, “manageable“ numbers of whales, minimal potentiaI  aircraft

noise interference, and close proximity to an operational geophysical vessel which

would become temporarily dedicated to the experiment. Also, the trials could only

be performed within the limits of standard operation procedures and safety

17



requirements of vessel operators. Aircraft wouid  be required to fly at altitudes

greater than 460 m, so clOudceilings  would have to exceed that altitude. In the

initial replications! whale group size was not to exceed five or six animals, as it

was thought that the reliability of the data would suffer if larger groups were being

watched. In later replications, the groupsize criterion may have  changed as the

emphasis on data collection shifted from respiratory parameters to those not

necessarily tied to the repeated recognition of individual animals.

Arrangements were made in advance of the field season for the research

teams on board N655MA and N642 to establish direct, VHF, and marine-band radio

communications with the seismic vessels working in the Alaskan Beaufort Sea. In

addition, the research teams were to communicate daily with the base camps of

Western Geophysical Co. and Geophysical Service Inc. located in Deadhorse. This

close coordination and communication between the aerial research teams and the

cooperating geophysical companies was to provide reasonable notice to vessel

operators of when and where a disturbance trial might be initiated. Whenever the

necessary field test conditions were met (see above), the operator of a vessel near

the whales under observation was to be notified by the principal investigator

aboard the behavior aircraft (N655MA)  and would be requested to move and

operate as directed under permit #263 during the experimental mode. Both parties

were to log the time of any request to move a participating vessei  involved in the

disturbance experiments as well as the time of termination of these experiments.

The primary mode of data acquisition was to guide a dedicated vessela
conducting full-scale seismic operations directly toward bowhead whales (Table 3;

protocol 1; Figure 3). Because of potential problems of interpretation in multi-

vesseI or multi-sound source experiments, the initial trials were to involve only one

vessel at a time. Single or multi-vessel tangential approaches would also be

realistic models to test, but would be more difficult to analyze and interpret

(Table 3; protocol 2 and 3).

A “pre-exposure”, l!exposurell,  and ‘lpOSt-exPasure It data classification was

also considered desirable (Table 3; protocol 4), although it was understood that this

ideal would not necessarily be achieved in every case, since the vessel(s) used in a

given experiment could already have been shooting in close proximity to subject

whales before receiving notification from the research team. Although less

desirable, a simple “no stimulus” vs. “stimulus” comparison could have been
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Table 3. Initial experimental protocol and replicates.

Protocol No. Minimum No.
& Priority Vessel Approach *iSIThiC  Smmd Source No. Vessdd Replicates

1 Direct Array operational during all 1 2-3
phases

2 Tangential, with gradual Continual $ al! phases 1 1-2
range closure

3 Tangential, with gradual Cofitinual,  ail phases 2-3 1-2
range closure non-synchronous arrays

4 Direct Arrays silent during pre- 1 2

M’ exposure vessel positioning.
0, Array operational duringI direct approach, gradual

shutdown during “post-
exposure” and withdrawal
phase

lNurnber  of vessels under guidance of the Principal Investigator.



made in the event that vessels near whales were initially not shooting. One

difficulty of such a design, however, would be separation of effects due to the

novelty of a stimulus as opposed to tolerance of or habituation to a sustained

stimulus. This sort of comparison would nevertheless be useful because vessels do

shut down and start up their sound-source (airgun arrays) during the course of

normal  exploration activities.

Priorities of experimental protocols with preliminary estimates of the

number of replications needed to gain preliminary statistical confidence and

predictive application are shown in Table 3. Since substantial interest exists

regarding possible differences between feeding and migrating whales, the

protocols listed in Table 3 could be replicated for each of these two behavioral

modes, potentially resulting in a maximum of 18 different experiments.

Mitigation of Potential Adverse Effects - N655MA

Seismic vessels were not to approach closer than within 1 km of whales

during the proposed experiments. Since bowheads were observed to move away

from a rapidly approaching (12.5 km per h), non-shooting geophysical vesseI at a

range of 1.&2.8 km during experiments in 1981 (Fraker  et al. 1982), it is possible

that the animals themselves would have ensured such separation during our

experiments in 1983. Mid-course navigational corrections were to be made during

experimental approach only to ensure a close approach and only as necessary to

adjust for “undisturbed” net movements of whales due, for example, to currents

(Figure 3). It would be important not to alter the operation of the airgun array or

the course of the vessel  if avoidance behavior were observed, as doing so would

cause variation in methodology which could confound data analysis. Thus, if

bowheads had avoided a vessel by increasing separation distance, no effort wouid

have been made to change vessel heading or operation of the airgun array with the

intent of reducing the separation distance or degree of acoustic stimulation.

Similarly, if bowheads did not attempt or were not able to evade the oncoming

vessel, changes in the vessel’s course and its operational status would have been

made only to avoid collisions with whales and to maintain 1 km or more of

separation from the subject whales.

It would be useful to know if animals of distinct physiologic or reproductive

classes react cliff erently to a given stimulus. Therefore, all possible classes were

to be included in the experiments. The most readily recognized classes we the.

calf and its accompanying adult, presumably the mother. In some instances,

subadults can be distinguished from adults on the basis of relative size.
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To reduce the possibility of interfering with the mother-calf bond, it was

“ intended policy not to perform experiments on groups consisting only of mothers

and calves. If such pairs were included in any test group of bowheads, the

experiment would be aborted whenever a mother-calf pair appeared incapable of

or failed to demonstrate an avoidance response demonstrated by other animals.

Procedures for Collecting Behavioral Data - N655MA and N642

Collection of behavioral data was the primary task of the crew onboard the

Twin Otter (N655MA)  and the secondary task, after monitoring geophysical

vessels, of the crew on the Grumman Goose (N642).  Although groups of bowheads

in close proximity to geophysical vessels’ were preferred subjects, this situation

rarely occurred in September. Instead, behavioral observations during 1983 were

primarily of undisturbed migrating whales that appeared to offer the best chance

for gathering consistent and reliable data. Observations from both aircraft were

carried out at an altitude of 457 m (1500’) or greater (Fraker  et al. 1982),  in order

to minimize possible disturbance effects from the aircraft ~ and in areas where sea

state was less than a Beauf ort 3 and low clouds and fog were absent.

When ice ‘was present in the area under observation, ice floes or ice-free

leads were used as reference points above which to circle while whales were

below the surface. When ice was not present in the immediate area, bags of

fluorescein  dye or Navy smoke bombs, Model Mark 1 Mod O, were dropped. These

offered the best reference point for circling under all weather conditions.

Sonobuoys  were also dropped from the aircraft to monitor and record industrial

noises, such as seismic shots, and whale sounds. Data recording techniques and

gear are described in “Field Procedures for N642 and N655MA”.

Behavioral observations provided data in 15 categories:

1. location of sighting (and therefore water depth, distance from shore

and dktance  from industrial activity),

2. time of day, in Alaska Daylight Time (AD?), which is GMT minus nine

hours,

3. number of individuals visible in area and number of calves,

4. individual y distinguishing features, if any, on whales,

5. headhgs  and reorientations of each whale, in degrees magnetic

(changed to degrees true during analysis),

6. dktances  between individuals (estimated in whale lengths),

22 I
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7.

8.

9.

10.

11*

12.

13*

14.

15.

duration of time at surface and, for recognizable whales, duration of
.

d i v e s ,

timing and number of respirations, or blows,

mouth open or dosed,

possible bottom feeding as indicated by mud streaming from

mouth,

distance from ice and ice cover,

socializing, as indicated by whales interacting in close proximity,

aerial activity: breaches, tail slaps, flipper slaps, lunges, rolls,

type of dive fluke out or fluke not out,

the

determination of other types of behavior besides 10 and 12 above:

milling, traveling and possible water-column feedhg.

Additionally, rate of movement estimates were collected from whales

circied during behavioral observations. To collect specific information on rates of

movement ~ only those whales with some kind of distinguishing characteristic

(marks, scars, or coloration) that allowed reidentification were selected. The

position (latitude oN and longitude oW, taken from the aircraft’s GNS) and time

(ADT) of an individual whale sighting were recorded. When the same whaie  was

resighted, the position and time were again noted. These positions were plotted.

The distance between positions, in kilometers, divided by the differential in time

between the first position and the second position, gave an estimated rate of

movement in kilometers per hour (km/h).

Analysis Procedures for Behavioral Data - N655MA and N642

Behavioral observations were transcribed from audiotape onto data

recording sheets during evenings or periods of poor weather between observation

flights or in the laboratory. Information on position of whales and aircraft

altitude was taken from the computerized record of the flight  track. Some

behavioral sequences were videotaped, and the videotaped record was compared

to the audiotape commentary. After the field season, transcribed observations

were converted into a standardized numerical format with individual records of

surf acing, respiration~  and dive characteristics of each whale that was under

detailed observation. These records were checked by a different individual than

the one who converted them into standardized format, and were then entered into

a Hewlett-Packard 85 desk-top computer. The computer record was checked
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after compilation and transferred to a Hewlett-Packard 9825 computer for

tabulation of data and statistical analyses. A Hewlett-Packard 9825 computer

with Hewlett-Packard 9827A plotter drew the numerically-based figures.

Basic parametric and nonparametric statistical tests were employed as

appropriate, and are referred to in the sections in which they appear. All

statistical tests used may be found in Zar (1974) or Sokal  and Rohlf  (1981).

Whales were assumed to be undisturbed when 1) the flight was at or above

457 m altitude, 2) there was no moving vessel within 5.0 km of the whales, and

3) no underwater industrial activity noise could be heard via sonobuoys  monitored

in the aircraft. Geophysical sounds were the only potential source of disturbance

considered during behavioral observations described in this report. Numerical

behavioral data gathered during periods when whales were subjected to

geophysical sounds were classified as potentially disturbed and are presented

separatei y from potential y undkturbed behavioral statistics.

Because calves of the year are smaller than other whales (one-third to

one-half the size of the nearest adult), their surfacing, respiration, and dive

characteristics were treated separately from the non-calf data which form the

bulk of the data base. A non-calf whale beside a calf of the year was assumed to

be the mother of that calf.
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RESULTS

Ice Conditions

Ice was a major feature in the subject portion of the Beaufort Sea

throughout the entire study period. In August, a east-west corridor of open

water about 13 km wide extended from Harrison Bay to Barter Island (Figure 4).

East of Barter Island the corridor varied in width but was usually wider than

13 km. Directiy  north of this open-water strip, 3/10 to 9/10 broken floe ice

persisted. In early September$ the open-water corridor almost disappeared as

northerly winds pushed the ice toward shore. CIoseiy-packed,  broken floe ice

(9/ 10 coverage) was present from Harrison Bay to Herschel IsIand and north to

7 loN, where there was more open water and average coverage was 5/10 to 7/10

(Figures 5, 6). Throughout September, the ice shifted with currents and wind;

however, the nearshore strip of open water was rarely wider than 15-20 km. By

September 23, grease ice had begun to form in most offshore cracks and leads

north of the barrier islands (Figure 7). Between September 23 and 30, the

nearshore open-water corridor widened due to variations in temperature, wind

speed and direction (Figure 8). Open water occurred primarily after the seismic

companies had terminated their season.

Geophysical Vessel Activity, Fall 1983

Information onseismic  research activity in the Alaskan Beaufort Sea during

fall 1983 wasprovided by the MMS. Ten permits for high-energy offshore seismic

work were issued in 1983, which is equivalent to the permitted activity in 1982.

Eight geophysical vessels operated in the Alaskan Beaufort Sea in 1983. One

vessel, the Arctic Fox, operated by Energy Analysts Exploration 48, Inc.,——
completed its work before the monitoring program began. The remaining seven

vesseis  were operational from August through September. Some specifications for

these seven vessels are given in Table 4.

Ice interfered greatly with the operations of the geophysical vessels, leaving

them little open water in which to operate. Often two or more vessels were

forced to operate close to one another, alternating periods of shooting; called

“time-sharing” by industry. In August and ear~y September, all but one of the

vessels (the Krystal moved incrementally farther east in search of adequate

open water (Table 2). By September 6, all of the geophysical vessels except the

Krystal  Sea were positioned well inside Canadian waters. The E. O. Vetter———
managed to return to Alaskan waters west of 1410 by September 8, but the other
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five vessels remained in Canada, unable to return to Alaskan waters because of

heavy ice which had blown against the coast between Barter Island and the

Alaska-Canada border. Only one of them, the GSI Mariner, was shooting in the.—
Canadian Beaufort (Table 2); the other four vessels were inactive. These four

vessels were blocked by ice until September 14, when an ice-breaking barge, the

Arctic Kiggiak, led three of them through the > 9/ 10 ice and back into Alaskan

waters (Figure 9).

Open-water seismic research in the Alaskan Beauf ort Sea ended for the 1983

season on September 23, when one vessel, the GSI Mariner, was in Canad~
., another, the E. O. Vetter, was blocked by ice near Pt. Barrow; and the remaining——

five vessels were at West Dock, Prudhoe Bay. Three of the vessels remained on-

call while in dock until the end of September, in the chance that winds and

warmer temperatures would open up the survey areas and allow them to resume

operations. By September 30, however, ice conditions had not greatly improved

(Figure 10), all vessels officially closed down for the season, and our study was

terminated.
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Figure 8. Satellite photo shcwing Beaufort and Chukchi Sea ice conditions, Septaber  29, 1983.



Table 4. Characteristics of seismic survey vessels working in the western Beaufort Sea, August 18 to September 23, 1983.

Vqel Beam
Name (ft)

I

Western
Polaris I 32

Arctic
Star 30

+

Western
Aleutian 32

p
40

TGSI
=skan 38 ‘

E. O..—
Vetter 39

1

Type of ‘HorsepowerL~$h
Ef@es Rating Screw

150 I 12V 149 Det. Diesel I 1350 I Twin

100 I 16V71 Det. Diesel I 980 I Twin

150 I 12V 149 Det. Diesel 1350 Twin

135 Two Diesel Cats 850 Twin
each

119 Two Diesel Cats 343 700 I Twin
each

188 Twin Diesel 475 Twin
each

P
185 Twin Diesel 2000 Twin

I I each I

Airgun 30 bar meters 2 10
array = 250 dB

Airgun 20 bar meters 2 9
array = 246 dB

Airgun 407~ cu. ini of 10
x!r!aY alr

Airgun I 4075 cu. in. of 13.5
array air 4

Shooting
S d
r)kts

4.5

4.5

4.5

3.5-4.5

4.7

5.5

5.5

4

1
Sound pressure levels are converted from bar meters (i.e. bars at 1 m) to dB re 1 micropascal  at 1 m.

2 Provided by Western Geophysical Co. personnel in Deadhorse,  September 1982.
3 Provided by Murray Roth, Geophysical Service Inc., October 26, 1982.
4 Provided by Larry Bowles,  Geophysical Service Inc., January 26, 1984.
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Figure 9. Canadian ice-breaking barge ,  Arc t i c  Kiggiak,  l ead ing  three
geophysical vesseis through 9/10 ice, September 12, 1983.

The amount of seismic data collected (expressed as “line miles shot”) in a

given year is proprietary information. However, it can be stated that, while the

total mileage of proposed program lines in 1983 was almost identical to that in

1982 (within 2%), the actual mileage shot in 1983 was approximateIy 70% less than

that in 1982. This substantial reduction in geophysical activity was due mainly to

the difficult ice conditions that prevailed in 1983.

Monitoring - N642

From August 17 to September 30, the monitoring aircraft, N642, initiated 41

survey flights (Appendix A), the mean duration of which was 3 h 38 min (range:

1 h 50 min to 6 h 23 rein) (Table 5). Twenty-two grids were begun near

geophysical vessels; 19 of these were completed. Because vessel movements were

severely limited by ice cond~tionsy  often more than one vessel was covered by the

transect grid.

Prior to September 3, eight of 12 monitoring grids were flown completely or

partially in Canadian waters.

and east of the study area

This concentration of effort in the eastern extreme

was because only one vessel, the Krystal Sea, was
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Figure 10. Schematic presentationof Beaufort Sea ice conditions, September 30,
1983. Zone Awasthe study area primarily used by N642and  N655MA.

operating exclusively in the Alaskan Beaufort Sea during this time and, on the

basis of previous experience, it was assumed that the probabilityof encountering

bowheads near vessels earlyin  the monitoring season was greater inthe east than

in the west. Whenever the Krystal Sea was unable to work because of mechanical

problems, ice conditions or inclement weather, our only choice was to make

flights to the east. During the period September 5 to 14, all but two vessels were

stranded in Canadian waters, and the monitoring effort centered on the Krystal

Sea, which was working primarily in Harrison Bay, and the E. O. Vetter, which was——
working close to the coast east of Deadhorse.

After the majority of seismic vessels returned to the Alaskan Beaufort Sea

on September 14, close and regular monitoring flights were carried out. However,

because vessel activities were greatly limited by ice conditions, relatively little

tim”e  was

data, and

especially

required to complete the grids. Search surveys to collect behavioral

transect surveys in support of the N780 studies were also flown,

during the latter part of September.
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Bowhead whales were sighted on 19 flights by the crew of aircraft N642

(Appendix A), accounting for approximately 19.25h  of behavioral observations

(TabIe  5). Six sightings of 15 animals were made during grid surveys near

geophysical vessels (Table 6). The majority of sightings were made north of the

vessels’ positions. The closest sighting of a whale to an active seismic vessel  was

21.8 km on September 2 (Table 6).

The first bowhead sighting by N642 was made on August 31 in 5/10 ice

coverage east of Barter Island (70036 .4’N, 142041.7’ W). The final sightings were

made on September 30 north of Prudhoe and Harrison Bays during a search survey

(Appendix A).

Regional surveys by the crew aboard N780 continued until October 19.

Bowheads were seen in the Beaufort Sea by that crew on October 2 at 70030 .8’N,

145020.9’W  (1 whale), on October  4 northeast of Barrow (7 whales), on October 8

at 71 °16.1’N,  152019.81W (1 whale), and on October 12 at 71033 .4’N, 156015.5’W  (1

whale). A flight on October 18 by N780 showed that the ice east of Barrow was

neariy  solid. Thus, it is assumed that the fall migration of bowheads through the

Beaufort Sea had ended on or about October 18 (Ljungblad  et al. 1984).

Thirty-nine sonobuoys  were dropped during the monitoring effort (Table 7).

Water depths at the points where sonobuoys  were dropped ranged from about 9 m

to 730 m. Airgun pulses, bowhead and belukha sounds, and ambient water noise

were recorded.

Seismic/Behavior Studies - N655MA

This study began on August 27 and continued through September 28. The

aircraft (N655MA) and crew were based primarily at Deadhorse, Alaska and the

main flight effort (80 h) concentrated on the limited open water areas nearshore

(Zone A, Figure 10). However, from Se@ember  7 to September 12 the base of

operations was moved temporarily to Inuvik,  Northwest Territory, Canada to take

advantage of the opportunity to conduct experiments in open water near operating

seismic vessels and bowhead whales. While at Inuvik,  flight effort was directed to

open water areas near Herschel Island and Mackenzie Bay (Zone B, Figure 11).

Due to heavy-ice coverage, operating seismic vessels and whales were

rareiy together to afford opportunities for experiments. However, on

September 6 a group of feeding whales was located near 69°50’N, 136020’W by the

monitoring crew aboard N642. Seismic vessels in the area were in a standby
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Table 5. Sunmary  of fflghta  made  by N642 in Aqmt - September 19S3.

‘TOW
HOIXS of Total

No. of No. of Behavioral Fi t .

Fit. Gri&
Date No. Clxmmmls

1S Aug 1 2 Mariner, W. Akutfan 1 %Ox Five ffm of - grid CORt@=tCd=
19 Aqf 2 1 Mariner 1 MO

20 Aug 3 I w. Polaris 1 4203

21 Aq 4 .1 Mariner 1 kos

22 A% - - NO ff2@  due  to bad W=ttkX.

23 Aug 5 - 228 search.

24 Aufg 6 1 E.O. Vetta 1 350

25 Aug 7 1 E.o. Yettm o 254 WIV lines of grid mplet+  two ffights.

26 Aug a 1 Arctic star 1 %15

27 Aug - - No ffight due  to aircraft mechanical problems.

28 Aug - - No flight due to airuaft rnectmu“cd probIems.

29 Aug 9 1 Krystal  Sea 1 217

30”A~ 10 - 1:50 Atmrted  flight due to bad weather.

31 Aug 11 1 Alaskan 1 :07 k08

1% - - No flight due  to bad weather.

2sept 12 1 Aleutian 1 :05 %48. TWO  flights.

3sept 13 1 E.O.  Vetter o :20 623 Five fines of grid mmplet~  three ffights.

4* 14 - 4:29 searctq  tWO  f lights.

Ssspt 15 1 KrwuJ Sea 1 1:55

6Sept 16 - :57 %46 SearcFG  three ffights.

7- 17 - 210 Search.

XSept lx 1 K- sea 1 MO %34

9sept 19 - %00 Block ~ two flights.

10 Sept 20 - 235 Bkxk  1; -em half.

10 Sept 21 1 Krystaf sea 1 %43 BI* 1; W=St~  half.

Ilsept - - No flight due  to bad W=*.

12 Sept 22 1 E.O. Vetter 1 231

12 Sept 23 - &l? k31 Search.

13 Sept - - No flight due to airuaft  maintemnce.

14 Sept 24 1 W. Aleutian 1 249

15 Sept 25 1 w. Polaris 1 Z46

15 Sept 26 1 Alaskan, w. Afeutian 1 :15 %02

16 Sept 27 1 Krystaf Sea 1 1:30 >38

17 sept - - No flight dws  to bad weather.

18 Sept 22 1 Alaskan, W. Aleutian I E49 Two additicm.1 lines of grid flown.

18 Sept 29 - 1:15 4:11 Search.
i9 S.ept - -

20 Sept - -
No flight  due to bad weather.

No flight  due to bad weather.
21 Sept M 1 KvstaJ  sea 1 1:00 4:00
22 sept 31 - 220 Se3rch; mvigatian mmputer  not f mctiOning-
23 Sept 32 -

240
24 Sq - -

Block !.

No flight due to bad weatk.
25 sept 33 -“

:05 3’59
26 Scpt N -

B1Ock 3.

1:20 %38
27 S-+t 35 -

Block % two flights.

1:42 >18
Z7 Sept 36 -

Block 4; Wemml  bff.

:15 Z53
za * 37 -

BId 4; eastern half.

:05 *15
2s .%pt 38 -

B10(5( 1.

211 4:06 Search.
29 SePI 39 - . Z25
29sept 40 -

>42 *cfl.

200 252 search.
3osept ’41 -

:25 &07 Search; two flights.

r O T A L
I

22
I 19” I 1%14 14%24 I
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Table 6. fkwh.=ad  dghtlngs  on 2,0fM  km2 mordtorlng  grid around geophysical vessels, fkxmdort  sea, Fail  1983.

I I
BOWHEADS

Time Of

Fit. Sighting

Date No. Position (ADT) No.

S’+2 12 7P1O.Y24 1122 1

13W37.68W

scpt 3 13 6f@24.2’N 1459 1

13T2$.VW

scpt  3 13 690>.gN 1502 1

i 3P25.9’Q

Scpt  1! l x 7LP5X.5’N 1339 1

15@ox.4w

Se@  15 26 71P23.?N 1616 1

145%6.3W

~pl 16 27 7W>5.TN 1432 10

14!3’349.crw

Hdg.

(o~)

120

270

300

300

2*O

270

Name

w estcrll

Edward O.

Vettcr

Edward O.

Vetter

western
A2mtiari

V=EL

Pmitim

70’300.2?’2

13W51.9’W

6W35.WN

i 32F03.9W

6P3!i.rJN

13XQ03.9$W

7(P47.6’N

I 5CP02. lW

7@ 15.6824

i4P55.?w

7(F’45.WN

151 °14.TW

MZ3NG  SURVEYED

Time Hdg.

(ADT) (OM) !

i o~x 2io

1418 130

1418 130

1256 270

1522 120

1327 130

U(EJ 2

4.5

4.5

4.5

4.5

4.5

Ves$el
status 3

Ac t i v e

Active

Ac t i v e

Inactive

Ac t i v e

Active

Estimated
Dlstana

BOwhcads

TO Vusef

( K m )

21.s

26.5

26.5

4i.6

34.2

57.0

Direction

BOwheads

From

Vesl.ef

NE

SE

SE

N E

NE

NE

1
At time VCSSC3  wm sighted at beginning al grid; may have changed timg pried of grid SUTWCY.

2
Assumed to remain cunstant.

3
At time of whale  sighting.

‘ArI artificial island mdcr axstructim in Harriaon  Bay at 7CP40’N,  15( P55’W.

COmmcnts

3 other Wsscis in area.

10thervesse2  irlarea.

1 other Vesxf in area.

Bargti,  Crruwsr  industdd

activity at Mulddt  lsfand.  4

2 Other Vcssefs in area.



Table 7. Locations and recorded subjects of sonobwy  drops (N642)=

Position Working
Sonobuoy subject

Date Flt # Type~ Latitude (N) Longitude (W) - Yes/No Recorded

8/18 1 T~021.9: ~ 14(-)035.9’ No
.8/ 19 2 5;A No
8/20 3 57A 700~4.8q 140043.7 Yes 3 seismic vessels
8/21 4 41A 70006.0~ 139004.0’ Yes Seismic vessel ,

-8/29 9 57A 7(305(3.91 151010.2’ No
8/31 11 57A MOd 69056.7’ 139024.48

.8/31 11 41A 7oo(3304f 139043.0’ 2 seismic vesseIs
9/2 12 57A MOd 6~059.2~ 139044.9’ Yes
9/3 13 57A MOd ~0035.6~ 150024.6’ No
9/3 13 57A ~Od 70035.91 150024.31 No

I 9/3 13 57A Mod 69035.11 138004.8’ Yes
9/3 13 5 7 A 69041.31 138013.4’ Yes Seismic vessei

13 57A Mod 69042*61 137048.O’ Yes
Qia 12 57 n cqo7’1 If 13702404’ Yes

L

Seismic vessel, bowhead
9 4 111 I <7A I LQO ‘in a 137036.3’ Yes Faint seismic vessei
91 ‘5 151015.4’ Yes Seismic vessei

1 At n I “, ,“*”

1 -,= i;, 57A 70055 J-J ---,. . . .- _ ------ ,.. . -..--- -,
/1 n

i: 57A ;;O;;X
18 57A 7(305 =.=

/f *W 20 70027e51
9/10 21 57A 70059.1!
9/12 23 57A 7005
Cl/Is 25 57A 7oo~l.71 1 &50r)7-  51 I Y e s I

2 6 57A 7001KRI
?7 57A 7n05

B=l
9 6 lC I %7 A I L$-lu u- xv lXYJLU.L” No
9 6 r-. ” 136021.O’ No
9 8 5X.71 150011.2’ No

C1/in 147016.8’ No
?-.- 150055.9’ Yes Seismic vessel
58.01 14401800’ Yes Bowhead,  belukha

Zf A< - ,  - - , . - . -- Seismic vessel
9/15 .V. w 145042.7’ No
9/16 /,,  , ,  “ -53.8’ 151013.5’ No

. 9/16 :; 57A Mod 70051.61 151021.1’ Yes
9 / 1 8 28 57A 7(3028.71 147023.1’ Yes Seismic vessel

Q/l Q 7Q 57A 7n0Z1.1+1 145044.5’ Yes Ambient noise :
HI AU I k. .?4.4’I >,,  , 1 140055.6’ Yes Bowhead$  belukha
Q!71 2n 57A ;;OU7  q) i51032.4’ No Hit ice/, AA ,“T, .-

9/21 5; s;i 70045.91
9/21 30 57A 71010.41
9/26 34 7(30(J3.91
9/27 35 57A 7o027*8v

9f28 38 57A 71010.21
9/29 3 9 57A 7(3011e41

41 70027. R? 1&“

41 57A 7003,0 ” & ,, --. , I ..- 1
41 57A .70040*~l 147~31.1’ Yes Vessel

151040.4’ Yes Seismic vessel
148047.1’ Yes Belukha, aircraft
142043.6’ No i
144059.3’ Yes Ambient noise
149044.9’ Yes Ambient noise
143027.2’ Yes Ambient noise

., .W -.,7039,41 No
1~ a I fL70317? Nn

noise I
1“ 1 I I 1 1 J

-TOTAL 39

157A Mod = a 57A sonobuov  modified to receive higher sound ~ressu;e levels.
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Figure 11. Study area intheeastern Beaufort Sea.

mode. On September 7 the behavioral study crew aboard N655MA proceeded to

the area. The seismic vessel, Western Aleutian, located nearby, was contacted at——
1215 ADT prior to the arrival of the aircraft and requested to place their airguns

in the water. However, the area had been covered with 7/10 to 8/10 ice overnight

and no whales were found there or in open water areas north of the position. The

Western Aleutian was informed at 1436 ADT that no whales had been found and no

experiment would be conducted.

Another experimental opportunity occurred on September 9. The seismic

vessel Western Aleutian, located at 700 10.OIN,  134045.01W, reported at 0859 ADT

that whales were observed from the vessel. The crew aboard N655MA  arrived at

0915 ADT and found whales within 1.0 km of the vessel. However, low ceilings

(< 152 m) and high sea state (Beaufort 05) prevented the possibility of an

experiment.

Continued low ceilings and the attempted return of most seismic vessels to

Alaskan waters prompted the return of N655MA to Deadhorse, Alaska, on

September 11. Flights from then until the end of the seismic season

(September 24) were concentrated within the limited, open water area located
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nearshore in the Alaskan Beaufort Sea (Figure 10). Whales were not located near II
operating seismic vessels, and were usually separated by at least 40 km of

8/1 O to 9/10 ice coverage. Limited data were obtained from whales traveling

offshore thr~ugh  heavy broken floe  ice, but traveling whales were usualI  y sighted

oni y brief ly and not resighted  due to heavy-ice coverage. After the end of the

seismic season late in September ~ whales were observed on two occasions f ceding

nearshore near Barter Island. These whales were observed for long periods of

time, and extensive data were collected. Therefore, although active traveling m
was the predominant behaivor observed in 1983, data were also collected on

m
feeding whales.

The heavy-ice conditions and limited amount of

prevented seismic-behavior experiments. Geophysical

located far south of the main migration route through the

Most of the data were collected on unexposed whales as

heavy ice in the Alaskan Beaufort  Sea.

D
open water offshore

vessels were usually

Alaskan Beaufort Sea. I

they traveled through

s
Rate of Movement Estimates

Rate of ~ movement estimates were calculated for five individual bowheads B
on four days (Table 8). The range was 2.5 to 7.2 km/h, with an average of

5.0 f s.d.  1.97 km/h, n=5. Four animals for which a rate was calculated were

adults (one was considered a subadult)  and three were breaching at some time

during the observation period. Ice coverage was generally 3/10 to 9/10 and sea

state was $eaufort O to 1.

Four of the whales were resighted only once. However, the adult bowhead

observed on September 8 was resighted four times, resulting in four separate rate

of movement estimates for one individual, ranging from 3.1 to 9.5 km/h, with an

overall net rate of 4.0 km/h and an average rate of 6.82 s.d.  3.13, n=4.

The two whales for which estimates were calculated on September 12 were

both sighted and recorded while in a large open-water lead (see

Append~x  A~ Flight 23), and both displayed breaching and swimming sequences

during the period of observations.

The whale sighted on September 18 breached initially and continued to

display at the surface until a sonobuoy  was dropped nearby. It dove and resurfaced

nearby.

On September 26$ a distinctively marked bowhead  was sighted within a

group of six to seven possibly feedhg whales at the start of a transect leg. Three



Table 8. Rate of movement estimates for individud bowhead whales in the Alaskan Beaufort Sea.,

5

q

Sept 26

70002.0
142032.O

1033

70004.0
142043.4

1344 \

2.5 1

fall 1983.

3

Sept 12

70059.5
144019.0

1629

71000.1
144019.5

1639

4.5

Whale No.

Date

1 2 4

Skpt 18Sept 8 Sept 12

Tfj05~06
144017.7

1551

TO024.1

140057.5

1520

Initial
Sighting

Position
(Lat N, Long W)

Time (ADT)

TI)058*5

150008.4

1339

71000.7
144018.2

1627

6.8

TOOZ5J’
140054.8

1542

7.2

Lst
Resight

2nd
Resight

3rd
Resight

Position
(Lat N, Long W)

Time (ADT)

Rate of
Movement (km/h)

TO05&4

150012.8

1428

3.1

70059,6

150014.8

1456

5.2

71000.3
150014.5

1503

9.5

Position
(Lat N, Long W)

Time (ADT)

Rate of
Movement (km/h)

Position
(Lat N, Long W)

Time (ADT)

Rate of
Movement (km/h)

4th
Resight

Age Class

Behavior

Position
(Lat N, Long W)

Time (ADT)

Rate of
Movement (km/h)

7100 leg
150014.0

1521

9.2

adult

feeding,

milling

300

9/10

o

9

7.9

3.2

2.5

adult

swimming

300

3/10

1

22

6.8

1.7

4*O

6.8
: s.d.  3.13

n=4

adult

breaching,

swimming

240

6/10

o

549

4.1

0.6

6.8

subadult

breaching,

swimming

240

6/10

o

549

0.9

0.2

4.5

adult

breaching,

swimming

340

9/10

o

366

2.9

0.4

7.2

Surf ace Heading (OM)

Ice Coverage

Sea State

Water Depth (m)

Net Movement (km)

Total  Time Elapsed (h)

Estimated Net Rate of Movement
[km/h)

Average Rate of Movement (km/h]
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Table 9. Rate of movement estimates for “groups” of bowheads  in the Alaskan
Beaufort  Sea, falf  1983.

- .

Group  No. 1 2
Date Sept  12 Sept  16

I

Initial Position 7~058Cl 70053*9
Sighting (Lat N, Long W) 144018.3 149049.8

Time (ADT’) 1522 1432

M Position 7~cloo*7 70057,0
Resight (Lat N, Long W) 144~31.8 150002.2

Time (ADT) 1721 1538

Approximate No.  of Animals I 10 I 10 I

Behavior swimming swimming

Surface Heading (oM) 240 270
I

Ice Coverage 6/10 3/10

.Sea State o 1

Water Depth (m) 915 18

Net Movement (km) 8.1 9.4

Total Time Elapsed (h) 1.9 1.1

Estimated Rate of Movement (km/h) 4*3 8.5

hours later at the end of the transect, the same whale  was resighted 7.9 km from

its original position, providing  a rate of movement of 2.5 km/h.

Rates of movement for “groups” of whales were calculated on two occasions

(Table 9). The positions taken at both initial sighting and at refighting were
positions central to the entire group. Inability to positively identify most of the

bowheads within these groups makes possible the chance that the animals seen in

the refighting were not the same animals seen in the first sighting. Therefore,

these rates are approximated at best and should be treated as such.

The first group of approximately 10 whales was sighted at about 1700 on

September 12. They were heading 2400 and appeared to comPrise  the same grouP

seen earlier at 1522. It is assumed that at least some of these animals were

resights and an estimated rate of movement for the entire group of 4.3’ km/h was

calculated.
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Thesecond  group of approximately 10whaIes  for which arateof  movement
was estimated was swimming along the edge of the nearshore open-water corridor

on September 16 (Appendix A, Flight 27) providing an approximate rate of

movement of 8.5 km/h.
#

Behavioral Observations - N655MA and N642

Both aircraft, N655MA and N642, conducted flights in search of whales near

geophysical vessels throughout September 1983. Flight tracks and narrative

summaries for the monitoring effort (Grumman N642) are given in Appendix A.

The Grumman (N642) flights ranged from i540W to 1360W, and as far north as

222 km offshore. The Twin Otter (N 655MA) flights generally ranged from

Prudhoe Bay, Alaska (148027’W) east to the Alaska-Canada border and up to

approximateIy 80 km offshore. Combined behavioral observations leading to

numerical evaluations of surface, respiration and dive characteristics were

carried out on 13 days (September 6, 8, 12, 13, 15, 16, 18, 21, 26, 27, 28, 29 and

30). A summary of aeriai  observations of bowhead behavior is presented in

Table 10.

Bowhead whales are generally thought to be traveling as they pass the north

coast of Alaska in September, migrating from summer feeding grounds in the

eastern Beaufort Sea and Amundsen Gulf to wintering areas near the ice edge in

the Bering Sea. Yet, as Ljungblad  et al. (1983) have pointed out, much feeding

and some socializing also takes place in Alaskan waters during September. In

September 1983, the ice remained in the nearshore area and bowheads were not

seen nearshore until the end of the month. Therefore, most behavioral

observations were made on small groups of whales traveling through broken ice

more than 30 km from shore. Apparent bottom feeding, indicated by whales

surfacing with mud streaming from their mouths, was observed on September 6 in

Canadian waters (at 69049’N,  136021’W); possible feeding in the water column,

indicated by whales milling in an area, diving for relatively long periods of time,

and surf acing briefly, occurred on August 31, September 2, 16, 18, 26 and 29.

Socializing, as evidenced by two or more whales interacting in close physical

proximity, was noted sporadically throughout the month, and seemed to occur Iess

in September than during the preceding month in the Canadian Beaufort Sea

(W;rsig et al. 1984). Aerial activity including breaches, tail slaps and flipper slaps

were also observed

frequently than in fall

sporadically and infrequently, although perhaps more

1982 (Ljungblad  et al. 198% Reeves et al. 1983).
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A summarv  of acrid obervatiom  of bowkad  b.=havim.  1983.  An asterisk (*) &notes  ttmse  observations for which  n~erical data  was  titti. Plan.=  I is the-fable  10.
Twin ott~  N655MA; F&me 2 k the Grumman Goose  N642.

Estimatd
Area WI&r

Gsstraf fktksvior

Time OV=r Bowtreads Distance Fcmrs Shore Estimated Numbs
of Whalesand Apfxoxrmate

POsitirm Depth of
(LatiIudc,  Lc@tmfc) Water (m)

start stop
(MM)  (ADT)

1455 1500

Total

Horxs

0.08

0.08

0.33

0.40

0.25

1.00

1.90

0.70

2.28

1.18

0.25

0.03

0.25

1.50

0.87

1.25

Date
(6983)

AUK 31

Plane
No.

2

2

2

2

2

2

1

1

2

\

\

1

2

2

1

2

Observation
osmqAcisft-s

1

1

2

2

4

I

7

3

10

1

I

I

1

10

1

4

Cafves

o

0

0

0.

1

0

1

I

2

I

b

c1

o

0

0

0

Dlstdance

None Known60 km northeast Of Barter
Island
(7 W36.4*N,  14 P41.7’W)

457

2Y4

37

1280

16

22

35

92

549-91>

183

4(I

46

38

18-22

22

366

10

10

10

10

!5

!0

15

15

30

10

10

10

10

10

10

10

Same Aerial  Activity,
Milling

1122 1127 61 km northwest of Herschel Seismic I

Seismic ~

Milling,  Possibly
Feeding

Sept  2
Island
(7 IY31O.3’N, 13937  .6’W)

Sept  3 1459 1s!9 59 km east of Herschel
Island
(61P25’N,  13702YW)

Some Aeriaf Activity,
Slow Travel .

* 1226 1250 Milling, SocializingSept  6 104 km norlh  of Barter
Island
(7(P.59’N,  143034’W)

None Known

Feeding93 km east northeast of
Herschel Island
(6 YW91N,  136020w)

Small Vessel;
Industrial Island

Seismic Assumed Medium Speed TravelSept 8

Sept 9

Sept 12

* 1428 1528 81 km east  northeast of
Cape Halkett
(7iP58’N,  15fPl  3’W)

0920

● 1225

114

307

102 km northwest of
Tuktoyaktuk
(70°10’N,  134°43’W)

None Known Milling

Slow to Medium Speed
Travel

83 km northeast of
Barter Island
(700301N,  1410581w)

None Known

Aerial Activity, Travel*1519 1736

● 1202 1313

98-107 km northeast of
Barter Island
(70°58’N,  144021YW)

None Known

None KnownSept  I 3

Sept I >

86 km northeast ot
Barter Island
(7@’31’N,  141 °42W)

Slow Travel

No forward motion

Slow Travel

Slow Travel

Slow Travel

Rapid Travel

Medium  Spee3  ‘Travel,

None Known*i 149 1204

* 1237 1239

23 km north 01
Demarcation flay
(6 P54’N, 1410091w)

59 km nortl~east  of
Demarcation Bay
(7@1  l’N, 14@291w)

None Known

*1616 1631 67 km no<  thwest  of
Barter Island
(7@24’N,  145006’W)

Seismic 1

Sept 16

Sepl  18

● 1432 [602

● 1037 1129

81-93 km east of Cape
Halkett
(7~55’N,  i4WS0’W)

89 km east of Cape
Halkett
(7@54’N,  14!Y345’W)

Seismic

* 1521 1636 105-111 km norlhwest  cd None Known
Herschel Island
(70025’N, 1400581w)

Mdhng

mm - - - - -



~tiiC  10 (contd).

Date
(1983)

Sept  21

Sept  23

Sept 25

Sept 26

Sept  27

Sept 28

Sept  29

Sept  30

Phnc
No.

1

2

i

1

2

I

I

2

I

2

2

2

2

The  over BOwhcadl

(ii%) (2%

● 1417 1434

● 1127 1227

1405 1 ~oo

.

315 \345

335 1$55

● 1136 ion

* 1604 1696

● loi8 I 200

● 1207 1702

● 1436 1647

● OY31 1216

*143~ 163>

● 1548 15>5

Totaf
f’foul

0.28

1.00

0.92

0.30

1.33

1.58

0.70

1.70

5.08

Z.18

2.42

2.00

0.12

f3utana  From tie
and Approximate

Pasitirm
(f-atitude, Longitude)

53 km east of
Barter Island
(7 G’308’N, 14200?W)

9S100 km north of
Prudhoe  Bay
(71009N,  1480WYW)

7 km northeast cd
Barter Island
(71Y12N,  143°22W)

52 km northeat  of
Prudhoe  f3ay
[70%5’N,  147°24’W)

37.4 I km east-southeast
. of Barter Island

(7 W02’N,  14 ZJ34’W)

46 km northwest of
Barter Island
(70°32N,  14 fin041w)

53 km northwest of
Barter Island
(7003fYN,  14403YW)

>0-  jj km northwest of
Barter Island
(70027’N  , 1440S7W)

~1 km northeast of
Barter Island
(7001 1’N,  14 YJ23’w)

92-107 km northwesr  of
Prudhoe  Bay
(710091N,  149044’W)

7 km east of
Barter Island
(701311’N,  143024’W)

1 km north o!
Flaxman Island
(70’314’N,  146°09’W)

7> km east-northeast of
Cape Halkett
(71004’N, 151XI15’W)

W%{-*(%

29

137-183

10

38

9

46

42

42

13

62.183

II

7

18

Estimated Number Estimated
of  Whafu Area under

Adufts

3

6

4

1

6 - 7

7

6

7.10

io

7

8-10

10

2

Ofmerwaticm
Cidva (faw2)

1 10

2 20

0 10

0 10

0 15

0 20

0 20

Dlsturbarsa

None Known

None Known

None Known

None Known

None Known

None Known

None Known

Gauraf  Behavior

Slow Travel

Medium To Rapid Travel

Slow Travef

%.
Medium to Rapid Travel

Milling, Feeding

Medium to Rapid Travef
.,

Medium to Rapid Travel

2

0 10

0 10

0 10

0 20 None Known Slow to Rapid Travel

o 30 None Known Water Column Feeding

30 None Known Travel

None Known Milling, Feeding

None Known Milling, Feeding

None Known Medium to Rapid Travel

Iubscrvation$  made In the presence of these seismic  sounds are  not included in disturbance data since no usable data on surfacing, respiration Or dive  characteristics were
obtained.



Respiration, Surfacing and Dive Characteristics

The four major Wantitative characteristics which have been used to

describe the &lve profile of bowhead whales are 1) interval between blows

(respirations), 2)number of blows per surfacing, 3) length of time at the surface

(surface time), ~d 4) length of time below the surface (dive time) (Wtirsig  et al.

1983). The first three characteristics can be ascertained while watching

individual whales which are not reidentifiable, but the fourth, dive time, requires

that a whale be recognizable by some dktinguishing  feature or featuresr such as

the extent of the white chin patch, or presence of scars or other white or tan

marks on the back or tail. The interval between blows is the only characteristic

wtilch does not require observation of a full surfacing$  consequently it was the

most frequerrd  y collected datum. Dive times, on the other hand, since they

require that the precedhg  moment of diving and the subsequent moment of

surf acing be known$  were gathered less frequently. Overall, the foHowing data

were obtained in 1983: 1,404 biow intervals~ 17’7 number of blows per surfacing,

195 surface times and 73 dive times. However, these data include values from

calves of the year and from whales potential y dkturbed  by industrial seismic

activity. The quantitative data on undisturbed non-calves consists of 1,261 blow

intervals, 154 number of blows per surf acing$  168 surface times and 59 dive times,

with those for potentially dkturbed  whales numbering 143, 23, 27, and 14

respectively (Table 11).

Because respiration, surfacing and &lve characteristics may d~ffer according

to the nature of a whale% activity or behavior, they can sometimes be used to

interpret the type of activity in which whales are engaged. It has also been found

that these characteristics may change with dkturbance  (Reeves et al. 198%

Richardson et al. in press), so data gathered under undkturbed  conditions are a

prerequisite for interpretation of potential responses to disturbance and these

data follow.

Figures 12 a-d present the frequency distributions of the four main

respiration characteristics. While blow interval, number of blows per surfacing,

and the length of surfacing showed distributions approaching normality, length of
dive was less normally dktributed. Therefore $ the firs-t three variables have been

compared by parametric testing procedures throughout this report, while the

fourth variable has been treated non-parametrically. Intervals between blows of

undisturbed non-calf bowhead

Number of blows per surfacing

whales averaged 14.4 t s.d.  9.46s, n = 1,261.

averaged 5.6 2 s.d. 3.34, n = 154; and length of
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Table 11. Summary statistics for the principal surfacing, respiration and
labelled  otherwise are for presumably undisturbed non-calves. 1

Category

All non-calves,
disturbed

All non-calves,
undisturbed

Time of day
10-12
12-14
14-16
16-18

Depth of water (m)
<30

.4=m 30-59
60-89
>90

Class of whale
calf
mother (=COW)
other non-calf

Associations
alone
1-5 lengths
>1 length

General behavior
travel
column feeding

k

27.6

1’4.4

13.3
15.1
12.7
16.1

12.0
17.7
16.2
17.0

15.0
17.6
14.0

13.4
16.1
17.2

16.7
11.7

Now Enterval  (s)
s.d.

40.70

9.46

6.46
9.46
6.90
8.23

11.35
13.59
9.00

12.34

14.69
6.49
8.22

8.05
7.20
8.34

9.15
6.23

n

39

1261

270
462
312
217

631
304

98
223

104
87

1174

935
111
215

611
582

Number of Blows
per Surfacing

ii

3.7

5.6

6.9
5.8
5.5
4.6

5.4
5.5
3.7
7.4

8.5
7.2
5.4

5.5
5.4
5.5

5.5
5.4

s.d.

1.56

3.34

2.78
3.47
3.89
2.67

3.24
3.03
2.38
3.91

4.25
4.38
3.20

3.20
3.13
3.86

3.12
3.26

n

12

154

26
48
38
42

81
35
15
23

11
11

143

110
14
34

73
75

dive variables, fall 1983. AU categories except those

Length of Surfacing (rein)
ii

1.50

1.33

1.41
1.31
1.24
1.16

1.04
1.42
1.21
1.84

2.10
2.11
1.21

1.32
1.57
1.40

1.48
1.01

s.d.

1.246

1.095

0.608
0.880
0.898
0.813

0.626
0.866
0.743
1.031

1.077
1.022
0.777

0.743
0.921
1.090

0.870
0.616

n

15

168

30
52
41
45

88
35
16
29

12
11

157

111
17
34

75
82

Length of Dive (rein)
%

9.24

7.11

11.99
6.66
7.65
3.66

9.08
4.84
5.62
6.02

8.57
8.63
6.87

6.13
!0.12
7.71

6.01
8.78

s.d.

5.342

5.943

4.979
5.365
7.145
3.512

6.664
4.861
5.276
4.807

4.127
4.256
6.164

5.383
6.075
6.664

5.187
6.602

n

6

59

9
23
15
12

27
14
4

14

8
8

51

33

1;

31
26

lSamde  sizes in individual categories do not always equal total number (n) for undistrubed  non-calves; it was not possible to determine
dep;h, class, association or behavior for every whale.
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surfacings averaged 1.33 t s.d. 1.o95  rein, n = 168. The average length of dives

was 7.11 ~s.d.  5.943 rein,.  n = 59. .

Figures 13 a-d present the mean value of each of the four characteristics

during each day with data. Although there appear to be large fluctuations

between some days, we could discern no consistent day to day pattern which

might be attributed to seasonal factors. Some of the observed variations between

days may be attributed to differences in overall general activities of whales

encountered on different days, while some of the differences may be spurious and

unrepresentative due to small sample sizes. We address differences due to

cliff erent activities in later sections of this report.

Numbers of blows per surfacing and length of surfacing were highly

positively correlated (Figure 14), as has been consistently found for bowheads in

summer (Wtirsig et al. in press). However, length of one dive (previous dive)

compared to length of the next dive (subsequent dive) was not correlated

(Figure 14), and this lack of correlation is dramatically different from the highly

correlated times in series of dives by bowheads in summer (W~rsig  et al. 1983).

This lack of correlation in September 1983 may be related to the heavy ice that

covered potential feeding areas in the Alaskan Beaufort Sea during 1983. The

heavy ice may also have partially dictated the surfacings of whales since open

water areas were limited.

Time of Day

Data were gathered from 1000 to 1800 Alaska Daylight Time (ADT). The

day was divided into four equal two-hour segments for statistical comparisons of

respiration, surf acing, and dive characteristics (Figures 15 a-d). Blow intervals

showed no clearly consistent trend, although the lows of 1000-1200 and 1400-1600

were significantly lower than the highs of 1200-1400 and 1600-1800 (A NOVA,

F = 10.504, Error df = 1.257, p< 0.001; Student-Newman-Keuls Test, SNK, p< 0.05

for equality of these times, all other time comparisons not significantly

different). Number “of blows per surf acing decreased as the day advanced, and the

1600-1800 value was significantly lower than the 1000-1200 value (ANOVA,

F = 2.922, Error df = 150, p = 0.0360; SNK p< 0.05). Length of surfacing and length

of dive showed no discernible relationship with time of day (ANOVA, F .0.248,

Error df = 173, p = 0.862~  and Kruskal-Wallis,  H = 4.246, df = 3, p = 0.2361,
?-

respectively).
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Depth  of Water

Whales were observed in depths of water ranging from 7 to 1,885 meters.

For consistency, and to have enough data points in different depth categories for

statistical comparisons, depths were divided into four categories, as presented in

Figure 16 a-d. B1OW intervals were shortest for the <30m depth category, and

the intervals for this category were significantly different from those of deeper

water (ANOVA, F = 20.012, Error df = 1252, p = 0.001). Number of blows per

surfacing and length of surfacing both showed somewhat similar trends, with

higher values in the >90 in depth category than in the three categories of

shallower water (ANOVA, F = 4.234, Error df = 150, p = 0.0066, and F . 8.482,

Error df = 164, p< 0.001, respectively). No trend was apparent for length of dive,

with a non-significant tendency towards slightly longer dives in the shallowest

depth category. However, dive data suffer especially from low sample sizes, and

the resultant non-significant tendencies may be spurious.

Class of Whales

The only classes of whale distinguishable from the air were calves of the

year (approximately one-half the size of adults), large whales traveling with

calves (presumed to be mothers of those calves), and other whales. This third

category includes both juveniles and adults and is referred to as “other non-

calves” (Figures 17 a-d). Mothers (= COWS) had longer blow intervals than both

calves and other non-calves (ANOVA, F = 6.967, Error df = 1362, p < 0.002).

lNumber  of blows per surfacing were not significantly different between mothers

and calves, but both of these classes of whales exhibited more blows per surfacing

than did other non-calves (ANOVA, F = 6.288, Error df = 162, p < 0.0023; SNK,

p 0.01 for other non-calves and calves compared, and p 0.005 for other non.

calves and mothers compared). Correspondingly, mothers and calves also showed

longer surf ace times than did other non-calf whaies  (ANOVA, F = 11.997, Error

df = 177, p = 0.00 1; .SNK, p< 0.001 for other non-calves and calves, and p <0.005

for other non-calves and cows). Lengths of dives appeared longer for calves and

mothers than for other non-calves, although the differences were not statistically

significant, probably due to low sample sizes.

Association Between Whales

Because whales might be engaged in different activities or behave

differently depending on whether they are with other whales or not, animals were

classified into three categories of association. These are 1) lone whales (greater
than five non-calf whale lengths from another whale), 2) whales within 1 to 5
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R
lengths of another  whale, and 3) wh~es within 1 length of another whale. This

last category includes whales which were simply traveling close together and

those which were actually interacting. Lone whales had shorter blow intervals

than those within five lengths of another whale (F = 22.305, Error df = 1258,

p< 0.001).  Numbers of blows per surfacing were remarkably consistent for all

three categories (Figures 18 a-d), and no statistically significant trend was

observed for surface or dive  times.

Categories of General Behavior

Migrating whales were most often encountered for only brief periods during

September 1983, as they swam around, through or under vast ice fields.

Nevertheless, to meet the objectives of the study, six types of general behavior

were categorized. These are: 1) socializing (whales interacting in some manner

at close proximity)? 2) miUing  (whales oriented in different directions at the

surface and with no further information on their activity), 3) bottom feeding

(whales surfacing with mud streaming from their mouths), 4) suspected

water-column feedhg  (whales diving repeatedly in an area and usually staying at

the surf ace only briefly), 5) traveling (dkected  movement, with rapid passage

through an area), and 6) undetermined (usually due to brief sightings). Sufficient

data were gathered f o r comparisons of respiration, surfacing and dive

characteristics for only two of these categories: suspected water-column f ceding

and traveling, with the latter representing the most common behavior seen

(Figures 19 a-d). Whales possibly feeding in the water-column exhibited shorter

intervals between blows than those judged to be traveling (t = 10.998, df = 1191,

p< 0.001), and surface times were also significantly shorter for the possibly

feeding whales (t’ = -3.8945, df = 155, p< 0.05). Number of blows per surfacing

did not differ between suspected water-coIumn f ceding and traveling whales.

Dives tended to be somewhat longer for suspected water-column f ceding whales

than for traveling whales but, perhaps due to small sample sizes, this trend was

not statistical y significant. Most suspected water-column feedhg  occurred in

shallow water (Table 10). Also, blow intervals and Iengths of surfacing for all

undkturbed  non-calf whales were also shorter in shallow water. Thus, it is not

certain whether the variable of behavior or depth was primarily responsible for

the apparent differences between f ceding and traveling whales. The

predominance of traveling behavior may have been the main contributing factor,
. .

since Wursig et al. (in press) did not find consistent changes in respiration,

surfacing and &lve characteristics with depth in the eastern Beaufort  Sea in
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summer. As more data become available,’ clear delineation between feeding

whales and traveling wh~es  may be possible. Multivariate statistical anal ysis~

which was sensibly not applied to our present small sample sizes, may resolve the

ambiguity among potential contributing factors.

Potentially Disturbed versus Undisturbed

During most observations in the Alaskan i3eaufort  Sea in September 1983,

whales were not near industrial activity, and thus were presumed undhturbed.

During portions of flights on September 2, 3, 8, 15 and 16 (N642)  and

September 18 (N655MA),  geophysical “shots” were heard via sonobuoys  at the

same time whales were under observation and these sounds were considered as

potentially disturbing to the whales. Usable data on surfacing, respiration and

dive characteristics were collected on September 8, 16 and 18 only, when the

geophysical vessels were approximately 42, 57 and 54 km south of the whales,

respectively.

Several trends were discernible between potentially disturbed and

undkturbed whales (Figures 20 a - d). Blow intervals were aimost but not quite

significantly lager at the 0.05 level for potentially disturbed than for undisturbed

whaies (t’ = 1.9321, df = 1298, 0.05c  p< 0.10). Number of blows per surfacing was

significantly reduced for potentially dkturbed whales (t’ = 3.6124, df = 164,

p < 0.05), but neither lengths of surfacing nor lengths of dive were significantly

different bettween  potentially disturbed and undisturbed categories (p< .306 for

lengths of surf acin~ p< .230 for lengths of dive).

Measurements of Waterborne Seismic Survey Signals, Fall 1983

Ice conditions in Fall 1983 were severe enough to curtail large scale

measurements of seismic survey signals from numerous geophysical vessels.

However, one vessel, the Western Polaris, was recorded in the Alaskan Beauf ort

Sea on September 22, 1983. The water depth was 20 m, the ranges varied from

1.62 to 11.34 km, and the source was an akgun array at depth 6 m with a reported

source level of 244 dB re 1 microPascal.  Signals from hydrophores at depths 9 m

and 18 m dld not show a marked cliff erence in received levels. These levels varied

from a high of 177 dB re 1 microPascal  at range 1.62 km to a low of 148 dB at

9.27 km. Regression analysis to fit an equation for received level to 38

measurements did not result in a physically satisfactory model as the range-

dependent term (for absorption-like losses) was positive (indicating a gain in

received leveI per unit range) and the spreading loss term was unusually large.

Evidently the acoustic transmission 10SS must be modelled with a more
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sophisticated process than simple spreadhg  and linear range dependence.

However, a reasonable description of the data was obtained by forcing the

spreading loss term to be -20 log(R), corresponding to spherical spreading. Then

the range dependent term was -0.97 dB/km. An additional interesting feature of

the data was a sudden shift in the dominant frequency between ranges of. 3.7 km

and 4.1 km. For ranges less than and including 3.7 km, the dominant frequency

was between 60 and 80 Hz. For 4.1 km and greater ranges the dominant

frequencies were greater than 200 Hz. Methodology and further results are

presented in Appendix B.
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IMSCWSSK3N

The extremely heavy ice conditions in the Alaskan Beaufort Sea in fall  of

1983 made possible relativdy  intensive monitoring of geophysics! survey vessels.

More grids were begun this year (22) than in 1982 (16]J and the rnodif  ied grid

pattern aJ!owed  for somewhat greater coverage of the areas around the vessels.

The narrowness of the open-water corridor that existed from late August through

early to mid=-5epternber  greatly limited the operating range of the vessels and

enabled us to monitor more vessels with greater frequency ~ as wel~ as achieve

good coverage of the available open water near shore.

The extensive, often closely-packed ice forced geophysical vessels to work

primarily inshore of the 20-m depth contour, and thus shoreward of the fall

migration route, which was offshore and centered along 7 loOO’N.  Whales were not

seen near vessels, except east of Barter Island where open water persisted, and in

outer Harrison Bay which generally had lighter ice coverage than areas to the

east. The majority of whales were found in offshore areas in 5/10 to 7/10 ice~ a

considerable distance from active geophysical vessels. This circumstance limited

opportunities to observe bowhead behavior in the presence of geophysical sounds

or to conduct controlled &sturbance  experiments with cooperating geophysical

vesseke

It is possible that the heavy ice coverage in fall 1983 affected bowhead

behavior as well as the migration route. In 1980Y a year of similarly heavy ice,

Ljungbiad  (1981) reported sightings of 49 bowheads during the entire fall season in

the Alaskan Beaufort Sea (August 30 to October 25). In that year, transect and

search surveys {there was no geophysical vessel monitoring program at that time)

ranged east of 1470W and rarely went north of 7004YN. In 1983? surveys extended

further off shore to 720N with the majority of sightings occurring along the

71°00’N line. In 1983, 76% of the monitoring efforts, from August 18 to

September 23, focused on areas south of 70045’N,  as that was where the

geophysical vessels were operating. Yet only 14 of the whales (29%) seen during

that period were located south of 70045%l.  The majority of sightings~ 34 whales

(71%), were located north of 70°45’N. In 1980 and 1983, ice covered many of the

potential feeding areas normally found nearshore in early fall (Lowry and Burns,

1980; cf, Ljungblad  et al. 198~ Reeves et al. 1983).  This ice coverage may have

reduced productivity  of the available food sources nearshore



(Schel~  et ~. 1982) and caused most bowheads to foilow  a more direct and
offshore route to the Chukchi Sea. The few groups of whales found nearshore

apparently feedhg may have been simply searching for prey$  thus explaining their

brief stay in these areas during heavy ice years.

Ice coverage also may have affected the rate of movement. of bowheads

across the Alaskan Beaufort Sea in 1983. During previous years of light-ice

coverage, behavioral data shows that whales moved into the nearshore zones of

the Alaskan Beaufort Sea in mid-September. As they passed through waters near

Barter Island, they frequently stopped for extended periods apparently to feed

(Ljungblad  et al. 1983). In 1981 and 1982, whales were judged to be milling or

possibly feeding until late September. Whales were observed traveIing  west in

1982 on September 28 (Reeves et al. 1983). In 1983, however, whales were seen

traveiing westward and offshore through heavy ice throughout most of

September. Although a few observations of milling or possibie  feeding occurred in

late August and early to mid-September (e.g. August 31 and September 2, 6, 16

and 18), most whales seen in Alaskan waters were judged to be traveling west. In

late September (26 through 29) groups of bowheads were seen milling, searching

for prey, and possibly feeding in the areas of Barter Island and Flaxman  Island.

On September 30, a final search survey of areas east of Barter Island to west of

Flaxman  Island accounted for no sightings. This suggests that the few whales seen

in the coastal areas were making brief stopovers to feed or search for prey, then

resuming their movement to the west.

Of the swimming estimates obtained, five were of individuals and two were

of “groups” of whales. This speed estimate method is limiting due to difficulty in

locating reidentifiable  bowheads, and to difficulty in refighting any bowhead once

it has entered an area of heavy (7/10 to 9/10) ice coverage. Many whales on

which an initial position was taken were not sighted again. Absolute values for

rate of movement probably cannot be accurately determined from aerial

observations, but swimming speed estimates derived from this method can be

compared to the more accurate estimates obtained from theodolite  readings from

shore-based stations (Rugh and Cubbage, 1980; W&sig et al. 1982).

Rate of movement estimates taken from bowheads in fall 1983 vary

considerably. The method utilized in collecting these rates makes possible some
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sources of error$  including accuracy of obtaining the precise position and time of.
a particukr  sighting cm refighting, degrees of confidence in reident.if  ying

particular whales and assumptions concerning “group” movement over a period of

time.  R is important to note that these rates of movement or swimming speeds

are estimates only. Nonetheless, they can be compared to other estimations of

swimming speeds collected from bowhead  whales during spring and fall

migrations? amd in summer feedings areas in the Canad~an !3eaufort  Sea. KosK~

and Davis (1980) estimated mean swimming speeds for bowheads migrating along

the Baffin Island coast in fall to be 4.7 t s.d. 1.6 km/h based on aerial

observations and 5.0 i s.d. 1.3 km/h based on theodolite  observations from shore.

Ljungbiad  (1981), using similar techniques as those used in fail 1983, estimated the

speed of westward migrating whales in September 1980 to be 2.8 to 5.6 km/h in

ice cond~tions  of 7/10 to 9/l O coverage. Swimming speeds during the spring

migration have been estimated at 1 to 11 km/h (Carroll and Smithhisler,  1980),

4.8 to 5.9 km/h (Braham et al. 1979) and 3.1: s.d. 2.7 km/h (Braham et al. 1980),

and rates for bowheads at the surface in summer feeding areas have been

estimated by theodolite  readhgs  from shore stations to be 5.13 s.d. 2.93 km/h

(Wtirsig et al. 1982). Three of the rates we estimated for individual whales were

within previous ranges; but two estimates (whales 2 and 4$ Table 8) were higher.

The slowest rate of movement, 2.5 km/h, was taken from a possibly f ceding

bowhead less than 1 km from shore east of Barter Island. This is a suspected

feeding area for bowheads (Ljungblad et al. 19!34),  and as whales migrate through

this nearshore zone of the Alaskan Beauf ort Sea, they may slow or stop their

westward movement to take advantage of potentially high densities of nearshore

prey which may vary seasonally depending on ice conditions (ScheU et al. 1982).

Although controlled seismic/bowhead whale behavior response experiments

were not successfully carried out in 1983, data on undisturbed behavior of

primarily migrating bowheads during the “heavy-ice year” of 1983 are useful for

year-to- year comparisons= Data on undisturbed migrating behavior also provide a

baseline against which to compare previously collected data on potentially

undisturbed feeding behavior. In spite of the small  sample sizes for some

variables$  it has been instructive as well to compare the trends in data on

potentially disturbed versus undisturbed whales in this study with corresponding

trends in other previous studies.
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Comparisons with Fall observations in other Years

Substantial quantitative data on bowhead behavior in the Alaskan Beaufort

Sea in 1982 were primarily collected on feedhg whales (Reeves et al. 1983).  ‘T’he

1982 data were collected in a manner similar to that in 1983, but they were

grouped and analyzed in somewhat different ways. The differences between

behaviors observed in 1982, a light-ice year (f ceding), and 1983, a heavy-ice year

(migrating) imply that between-year comparisons and similarities should be

interpreted broadly. Cows (= mothers) with calves were grouped separately from

other non-calves and called “adults” in the 1982 analysis. Two, rather than four

depth categories, and two, rather than three association categories were used.

The whales observed in 1982 were not assigned to different categories for anaI ysis

of general behavior, and 1982 observations were not chssified  according to time

of day. In 1982, mean blow intervals per surfacing, rather than blow intervals ~

se, were used in the analysis, thus reducing sample sizes. In 1982, all observations—
were made in open water, whereas in 1983 many observations were made in

conditions of 5/10 to 8/10 ice coverage. None of the whales for wiich

quantitative data on behavior were acquired in 1982 were judged to be traveling,

but many were milling and possibly feeding. In 1983, the majority of observations

were of traveling whales.

In spite of these differences, some comparisons can be made between the

two data sets. The mean number of blows per surfacing, mean length of

surfacing, and mean dive time for undisturbed other non-calves - (not includhg

cows) were similar in the fall 1982 and fall 1983 studies (Table 12). The mean

interval between blows was similar for undisturbed other non-calves as well:

14.0 ~ s.d. 8.22s, n = 1174, in 1983, and 12.542 s.d. 2.97s, n = 41 (mean of means),

for “adults” (not includlng  cows with calves) in 1982. The trend in 1983 for cows

to have longer blow intervals than calves and other non-calves is consistent with

data on all whales (potentially disturbed and undisturbed) in 1982, but the trend is

reversed when only undisturbed whales are considered for 1982 (Reeves et al.

1983, Table 9). This cliff erence may not be meaningful, however, because of

differences in general behaviors between the two years.

All calves and mothers (=COWS) observed in 1983 were undisturbed and

therefore were compared to nonseismic adults, cows and calves from 1982

(Table 12). Blow intervals for calves tended to be shorter than for
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Table 12. Comparison of summary statistics for the principal surfacing, respiration and dive variabks  for Imwheads in fall 1982 and
fa!! 1983. Data for 1982 from Reeves et d (1983).

Number  of Wows U%@ of Length of
Blow Interval (see) per Surfacing Surfacing (rein) Qh?e (II@

Year Age class ii s.d. n % S.d. n ii Seal. n ii S.d. n

! 982 Achdts--nonsehmic

1983 Other noncalves--
presurnably undisturbed

1982 Cows with calves--
nmseisrnic

19$3 Mothers--presumably
undisturbed

1982 Calves--nonseismic

1983 CaIves--presumably
undisturbed

12.54 2.97 q~% 6*g7 3.14 30 1.36 .59 31 5.98  3.02  !6

14.00 8 . 2 2  1174 5.40 3.20 143 1.21 .777 157 6.87 6.164  51

11.78 1.37 5* $*6O 0.55 5 1.75 .29 5 10.12  4.73’ 7,

17.60 6.49 87 7.20 4.38 11 2.11 1.022 11 8.63 4.256  8

15.53 7.71 4* 9.67 2.89 3 2.28 1.45  3 - - -

15.00 14.69 104 8 .50 4.25 11 2.10 1.077  12 8.57 4.127  8

*Mean of means, as calculated @ blow interval data in 1982.



cows, and calves had more blows per surf acing and nearly equal surf ace times

than did cows in 1983, none of which were seen in fall 1982. Comparing cows and

those whales designated as other non-calves in 1983, cows were found to have

longer blow intervals, more blows per surfacing and longer surface and dive times

than did other non-calves. These same trends, with the exception of blow

intervals, were statistically significant in fall 1982 (Reeves et al. 1983). Sample

sizes for dive time are small in both years’ data sets, but they are adequate to

suggest the interesting and testable hypothesis that cows and calves, while

blowing more times per surfacing and surfacing for longer periods than other

whales, dive for longer periods as well.

The most important comparison, in the present context, concerns the

behavior of potentially disturbed vs undisturbed whales for the two years. Blow

interval appeared to be longer for whales possibly disturbed by geophysical

activity than for whales undkturbed in 1983. A similar trend in the data was

observed in fall 1982, when adult bowheads in the presence of sounds had longer

blow intervals than those observed in the absence of seismic sounds (Reeves et al.

1983).  Although we found in 1983 that the number of blows per surfacing was

significantly reduced for potential y disturbed whales, the data for 1982 showed

no such trend. In 1982, surface times, a characteristic positively correlated to

number of blows per surfacing, was significantly longer for potentially disturbed

than for undisturbed non-calves exclusive of cows. In 1983 the trend was also for

potentially disturbed non-calves to have somewhat longer surface times than

undisturbed non-calves (Fig. 20c), although the difference was not statistically

significant. The trend in both years for the small sampIes  of dive times was

toward longer dives by potentially disturbed whales, but the potentially disturbed

vs undisturbed differences were not statistically significant.

Although the data for respiration, surfacing and dive characteristics are

difficult to interpret relative to depth of water, there was a trend for blow

intervals and length of surfacing to be greater in deeper ( >90 m) water in 1983.

This same trend was observed in f Ml 1982, tihen adults in deep water had

significantly longer surface times than those in shallow water (Reeves et al.

1983). Number of blows per surfacing is also higher in deeper than in shallower

water, with values around 5 for water depths less than about 100 m, and values

around 7 in deeper water in 1983. This same trend was seen in 1982.

There is aImost certainly a bias against lengthy dive times in the 1983 data

on “traveling” (or “migrating~’)  whales. Although no attempt was made to quantify
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the difference, all observers agreed that our success at relocating “traveling”

whales  in ice was poor in comparison to our success at relocating ‘Yeeding’l  whales

in open watkr.  In heavy ice, there were numerous times when whales could not be

relocated within about “a half-hour of searching. Thus, long dive times (i.e. those

of 15-30 minutes or longer) would  likely  be under-represented in the sample  for

“traveling” whales. This bias may, at least,  partially account for the tendency of

dive times to be shorter for column feeding whales  (which happened to be in

shallower water) than for ‘ttravelingIg  whales (which happen to be in deeper water).

Qualitative comparisons can be made between the behavior of bowheads

from 1979 to the present, when monitoring of the migration through the Alaskan

Beaufort Sea began (Ljungblad  et al. 1984).  In general, the five years from 1979

to 1983 can be cl~sif ied as either l~heavy-ice  years” (1980 and 1983) or “light-ice

years” (1979, 1981 and 1982), dependent upon ice conditions that prevailed during

the month of September.

During the three “light-ice years’s of 1979, 1981 and 1982, feeding  whales in

nearshore areas were predominant. Heavy ice was absent from the study area

(from shore north to 72°N) throughout September. In 1979 relatively large

numbers of bowheads (155 sighted) were present nearshore and not obviously

traveling west (average heading of 11 loT)  until  as late as October 14 (Ljungblad

et al. 1980). The westward migration did not begin until  approximately

September 26, when two bowheads were seen traveling west near Flaxman  Isiand.

Apparent feeding behavior was observed from near Demarcation Bay west to

Flaxman  Island until late September,

In 1980, heavy-ice of 1/10 to 5/10 coverage was present from shore to just

outside the 20-m contour, and 7/10 to 9/10 ice coverage was encountered farther

offshore (Ljungblad,  1981). Grease ice began forming on September 20, and by

September 24 coastal areas were generally covered with new ice. Nearly  all

whales seen in September of 198J were swimming west. C)nly two groups sighted

were thought to be feech~  both were seen east of Barter Island on September 14.

Cme of these groups was within 2 km of the coast.

In 1981,  a light-ice year, apparent f ceding behavior was seen from the

second week of September on~ nearshore between Barter Island and Demarcation

E3ay (Ljungblad et al. 1982). By late September, the bowhead dktribution  was

along the 20-m contour from Demarcation Bay west to Flaxman  Island. Feeding

behavior slowly tapered off in early October  as more whales  began moving west.
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The 1982 season was

comparing ice conditions,

1983; Reeves et al. 1983).

similar in most respects to that of 1979 and 1981, when

behavior, and nearshore distribution (Ljungblad et al.

In 1983, ice conditions were even more severe near the coast than in 1980,

with one period (September 5-14) when heavy (9/ 10) ice actually was pushed

against shore between Barter Island and the Alaska-Canada border. Whales were

seen swimming west, i.e. “migrating”, as early as September 3. A high proportion

of sightings were in ice of 5/10 or more coverage, and most whales in such

circumstances were traveling west. However, some feeding behavior was

observed in broken floe ice in early to mid-September and in newly formed slush

and grease ice nearshore in late September. Whales were still moving through the

Alaskan Beaufort Sea until mid-October, but no feeding activity was observed

there after September 29 (Ljungblad et 4. 1984).

Comparisons with Summer Observations

Because of the reIative lack of long-term data, qualitative comparisons of

whale behavior between fall in the Alaskan Beaufort  Sea and summer in the

Canadian Beauf ort Sea are broad generalizations at best. Sporadic aerial activity

and possible bottom feeding and water-column feeding were observed throughout

September in the Alaskan Beauf ort Sea during open water years, and are similar

to descriptions of these behaviors in August and early September off the

Tuktoyaktuk Peninsula, Canada (W~rsig  et a.j. in press). Just as in summer,

groupings of whales within a 10 to 50 km2 area may ail be engaged in similar

activity at a time. This was especially evident during possible water-column

feedhg seen on September 26 and 29. Fewer social interactions occurred in the

western Beaufort Sea in September than in the eastern Beaufort Sea in August

(Wtirsig et al. 1984). The frequency and intensity of social interaction in

September in the Beaufort Sea appear relatively Iow when compared to that

observed in early spring in the northern Bering Sea (e.g., Everitt and Krogman,

1979; CarroIl  and Smithhisler,  1980; Ljungblad  et aI. 1984), indicating there may

be a difference in the degree of socializing between the Bering and the Beaufort

Sea. Much westerly directed travel is observed when heavy ice is present in

September in the western Beaufort  Sea, but relatively little has been seen in

August in the eastern Beaufort Sea (W~rsig  et al. in press).

Respiration, surf acing and dive characteristics in fall 1983 were remarkably

similar to those of 1980-1982 combined data of studies in the eastern Beauf ort

Sea in August  and eariy September,  especially in regard to surface time
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(1.33  t S.CL 1.095  ?nhl, n = 168 in fall 198~ 1.30 ~ S.CL 0.960 miny n = 368 for the

summer studies) (W&sig @ al. 1983).  The trend for decreasing number of blows

per surfacing, decreasing length of surf acing$ and decreasing length of’ dive as the

day advanced is of interest, for no such apparent. diurnal trend was noticed during

summer observations (W&sig et al. in press). It is possible, though, that time of

day is not the primary variable responsible for this apparent trend.

C3ther comparisons between summer and fai!  observations show similar

trends in increased blow intervals~ increased number of blows per surfacing and

increased surface times in deeper water. Length  of dive does not show as ciear  a

trend$ since the longest dives in September act.uall  y occurred in water less than

30 m deep whife  longest dives occurred in >100 m depth in August 1982 (W&sig

et al. 1983). The lack of consistency in this characteristic between the two

studies probably is due to the fact that much of the data on dive times in the

present study were from whales apparently water-cohmn  feeding in shallow

water near the end of September, while such f eedlng appears to have occurred in

deeper water during the summer studies.

In the present study, blow intervai appeared longer for whales potentially

disturbed by seismic activity than for whales undisturbed. Similar situations

occurred during two summer 1982 experiments with a 40 cu. in. airgun 2.5 to

5 km from bowhead whales. Blow intervals rose by 3 to 8 seconds from a pre-

dktqrbance  value to a disturbance value. Number of blows per surfacing was

significantly lower for potentially disturbed than for undkturbed whales, and this

too was the general pattern for whales in the presence of seismic sounds in

summer (Richardson et al. 1983). Although Richardson et al. (1983) found a

tendency for reduced lengths of surfacings and dives in the presence of seismic

noisey  we observed an opposite trend. Data colIected  from 198!3-83 on bowheads

in the Canadian 13eauf ort Sea now indicate that blow intervals, number of blows

per surfacing and surface times are not significantly different between

undisturbed bowheads and bowheads six kilometers or further from active

geophysical vessels (Richardson et al. 1984).

Comparisons with Observations During Spring  Migration

Behavior of bowheads during their spring migration through the Bering

Strait, along the Chukchi sea coast of Alaska, and into the Beauf ort Sea has been

stud~ed  by aerial (Ljungblad  et al. 1983,  1984)7 shore-based (Rugh and Cubbage,

1980),  and ice-based (Carroll and Smithhisler,  1980) observers, Most descriptions

of behavior in spring are qualitative~  but there is some quantitative information ~
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particularly by CarroIl  and Smithhisler  (1980), which can be compared to that

collected in fall 1983. In that study, observers were stationed at camps on the

fast ice between Pt. Hope and Pt. Barrow, watching whales move northeast

through the nearshore lead. In this situati~n,  virtually all the whaIes  were headed

in the same direction and were moving at speeds of 1 to 11 km/h. Carroll and

Smithhisler  used somewhat different terminology in describing the respiration,

surfacing and dive characteristics of bowheads. Each time a whale surfaced

during a “dive sequence” (equivalent to our surfacing period), this was scored as a

‘Yell”. They noted that a blow is not visible every time a whale rises and so data

on blows per dive sequence may have a slight downward bias. Their results

indicated that bowheads surfaced 2 to 14 times in a dive sequence. For

undisturbed whales the mean number of rolls per dive sequence was 6.573 s.d.

3.08, n = 63; the mean number of blows per “rise” (= dive sequence?) was

6.533 s.d. 2.84, n = 41.

Undisturbed non-calf bowheads in September 1983, many of which were

traveIing  in the opposite dhection  from those observed in spring by Carroll and

Smithhisler,  had a mean number of blows per surfacing of 5.62 s.d.3.33, n = 154.

Observations in September 1982, when the Alaskan Beauf ort Sea was ice-free,

resulted in means of 6.87 : s.d. 3.14, n . 30 for undisturbed non-calves exclusive

of cows and 8.6030.55, n = 5 for cows (Reeves et al. 1983, Table 9). From these

data, it would appear that the number of blows per surfacing of bowheads differs

littIe between the spring and fall phases of their migration.

Carroll and Smithhisler  (1980) also calculated the “mean duration of a rise”

for eight bowheads by adding the mean time above the surface to the mean time

between blows. This value was assumed to represent “the time between sounding

dives when a whale was at or near the surface and presumably visible from an

aircraf t“. Thus, it may correspond closely to values for length of surfacing. Their

mean of 1.52 min is in fairly good agreement with the mean of 1.33 f s.d. 1.095

rein, n = 168, for undisturbed non-calf whales in September 1983, and the 1.362

0.59 rein, n = 31, mean for undisturbed non-calves exclusive of cows in September

1982 (Reeves et al. 1983, Table 9).

Sounding dives were not precisely defined by Carroll and Smithhisler  (1980),

but it is assumed they used criteria simiiar to those discussed by Rugh and

Cubbage (1980). Thus, dives lasting 75 seconds or longer were probably considered

sounding dives. The estimated mean duration of sounding dives for the study by

Carroll and Smithhisler  was 15.6 ~ s.d. 5.0 rein, n = 63. A separate mean o f
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6.6 rnin was calculated for “three cow-and-calf pairs”. In September 1983 the

mean length of dives of undisturbed non-calf bowheads  was 7.11:5.943 rnin, t

n = 59. Unlike CarroH anti Smithhisler,  we found that unchtwrbed  cows and calves

dove, on average, siightly longer than did undisturbed non-calves (Figure 17d], B
although this trend was not s~gnificant.  The dive time data from September 1982

(Reeves et al. 1983, Table 9) agrees more close~y with data from September 19$3
I

than wi~~ the qx-@ data  of Carroll and  Srnithhis!er:  m e a n  dive t ime  of s.q~ ~ “

s.d. 332 min$ n = 6$ for undisturbed non-calves exclusive of mothers, and 10.12 f

SeCl.  4.73 min~ n = 7, for undisturbed cows (Table” 12). 1

Quantitative data on dive times were also given by Rugh and Cubbage

(1980). These refer to whales seen migrating past  Cape Lisburne,  Alaska, in the B

Chukchi  Sea from April 2 to June 7, 1978. The animals were generally heading

northeast and traveling at a rate of 4.7 $0.6 km/h within 14.8 km of shore. The I
three sounding dives recorded had a mean duration of 7.53 rniny similar to data

from September 1983.
9

9
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CONCLUSIONS

Heavy ice conditions persisted in the Alaskan Beaufort Sea during the entire

fall 1983 season and precluded controlled seismic/bowhead  behavior experiments?

the major objective of this study. However, the experience gained during this

season allowed for evaluation of the conditions necessary under which the

proposed seismic experiments would be likely to produce meaningful results.

During heavy ice years, seismic vessels must operate in limited areas and their

movements are severely restricted. Addltionaily,  observations from this and

previous studies (Ljungblad,  1981; Ljungblad  et al. 1980, 1982, 1983) indicate that

in heavy ice years bowhead whales primarily travel (as opposed to mill and feed)

through heavy ice and are subsequently difficult to resight and follow for

prolonged periods, which would be necessary for documentation during seismic

experiments. Therefore, to successf uily conduct seismic/bowhead  behavior

experiments, the following two conditions should prevail:

1. . Experiments should be conducted during light ice conditions when

seismic vessels would be able to move to specific areas unhindered by

sea ice to interact with whales, and,

2. whenever possible, subject whales should be non-traveling, e.g. whales

feeding or milling in an area for extended periods of time, to facilitate

refighting of individuals and the documentation of any progressive

changes in their behavior during an experiment. a

Although no seismic/bowhead  behavior experiments were conducted, data

relevant to the evaluation of the impact of seismic vessel noise on the behavior of

bowhead whales was obtained. Information on ice conditions prevalent during the

1983 season, geophysical vessel  activity, and measurements of waterborne seismic

survey signals were obtained as weIl as information on rates of movements,

vocalizations (not reported here) respirations, surf acings, dives, and general

behavior of whales in the absence of seismic sounds (undisturbed) and, in a few

instances, of whales in the presence of 42-57 km dktant seismic sounds

(potentially disturbed).

In brief, these data suggest that:

1. During heavy ice conditions, bowhead whales  travei primarily through

the ice offshore, and less frequently mill and feed in nearshore areas.

The reverse is generally observed in Iight-ice years.
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2.

5.

6.

7.

The number of blows (respirations) persurface  intervdof  undisturbed
#

and potentially disturbed whales  decreased as the day advanced. This

possiMe  diurnal pattern should be considered when evaluating blow

rates of potentially disturbed whales observed late in the day$  as it s

may confound the evaluation of the impact  of seismic noise on whale

behavior. I

Blow intervals, number of Mows per surfacing~ and length of surfacing

tended  to be ~ower in shallow than in deep water. 1
Fema4e whales  with calves exhibited longer surface intervals with

more blows  per surfacing and longer We intervals than did other
1

whales.

Potentiality dkturbed whales tended to exhibit longer blow intervals,

fewer blows per surfacing, but similar duration of surface intervals B

and lengths of dives than Undisturbed whales. However, potentially

disturbed whales were only subjected to relatively weak seismic sounds D

occurring over 40 km distance.

Whales which were assumed to be feeding in the water column 9
nearshore exhibited shorter blow intervals, shorter surface times, and

longer dive times than did whales traveling (not feeding) farther
B

off shore. However, in light of finding No. 3’, it is not clear whether

water depths  mode of behavior, or both were responsible for the

differences between nearshore feeding and offshore traveling whales. 1

Waterborne seismic survey signals may be modeled as a spherical

spreadhg  process, resulting in a range dependent term of -0.97 dB/km I
from the source, with a shift in dominant frequency component from

60-80 Hz at ranges S 3.7 km to frequencies> 200 Hz at ranges 24.1 km.
‘1

B
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APPENDIX A

FLIGHT TRACKS AND NARRATIVE SUMMARY

OF MONITORING EFFORT, FALL 19S3



APPENDIX A

Summary of monitoring effort and results, fall 1983. Each of 41 flights is

described by a narrative summary, a coded set of data on each sighting, and a

map showing the flight  track and the positions of bowhead  sightings (shown

as ❑ ). The data codes are keyed as follows:

T#/C#  =

LAT/LOFIG  =

TIME =

BEH =

HDG =

ICE =

Ss =

DEPTH =

SEISMIC =

DIST =

Total bowheads/number of calves included in totaL

Location (latitude N/longitude W) in degrees,

minutes, and tenths of minutes.

Alaska Daylight-Savings ~lme

General activity or behavior (TR = Traveling, MI =

Milling, S1 = Socially Interacting, BR = Breaching,

FE = Feeding, NN = Not Noted)

Heading in degrees (o) magnetic.

Ice coverage in tenths.

Sea state (Beaufort scale).

Depth in meters (m) at the sighting.

Ensonification present (Yes) or absent (No).

Approximate distance (km) of whales from nearest

seismic vessel known to have been shooting at the

time.
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Flight’ 219 August  1983

This flight  was a grid S~rVe~OftheGSXM~inerat  69044.3’N,  14005 %4’W,

and a search survey  north of Herschel Island. Ice w a s  absent  in the a r e a

surv~ye*  sea  state was 13eaufort  2 to % Weather was overcast with patchy fog$

and visibility  ranged  from less than 1 k m  to u n l i m i t e d .  No bowheads  were

sighted. Betided and ringed  seals were sighted.
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m
Flight 3s 20 August MD I.

This flight  was a search survey  along the 20 m isobath east from Deadhorse

to the Western Polaris at .70001 .39N ~ 1@ lo5K3~W ~ where  a grid survey  was begun. B

Ice in the survey  area and along the 20 m isobath was 0/10, and the sea state  was

13eaufort 2 to 30 Weather was clear  with unlhnitec!  visibility. No bowheads  were 9

sighted. Seismic wm.mds  from three geophysical vessels were recorded.
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Flight  4: 21 August 1983

This flight  was a search survey along the 20 m isobath east from Deadhorse

to the GSI ~Mariner  at 6953JYN  ~ 14!3022.2~W,  where a grid survey  was begun.  Ice [

conditions along the 20 m line were  3/10 to 4/10 broken  floe and 0/10 in the area

of the grid. Sea state was Beaufort  2 to 3 in the open-water area and Beaufort O 1
along the 20 m isobath. Weather was ;Iear with  unlimited visibility. No kmwheads

were sighted. F i f t e e n  bekkhas  w e r e  s e e n  at 1219 hr (ADT) al 70W0.6W,
I

142034.2’ W, just north of Pokak Bay and within 1 km of shore. They appeared to

be miiling and feeding and were segregated into smaller groups of 2-=3 animals. At

least two cow-calf pairs were seen. Ringed seals and bearded seals were also I

seen. Seismic sounds from one geophysical vessel were recorded.
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Flight % 23 August 1983.

This flight  was a search survey  along the 20 m isobath east from Deadhorse s

to 141~30’W.  No grid surveys were attempted due to low cloud cover  and poor

visibility. Ice along the 20 m isobath was 5/10 to 7/10 broken  floe~ and the sea B

state  was $eaufort  0. Ringed seals and a pokr bear were seen.
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FU@t. 6:24 August  1983

This flight  was a search survey  along the 20 m isobath east from Deadhorse

to the Edward Cle Vetter at 70035el’N ~ 1 43010.7’Wt where a grid survey was 9

begun.  Ice conditions were 4/10 to 6/10 broken  floe along the 20 m isobath, and

0/10 to 5/10 broken  floe in the grid survey area. Sea state varied f ram Beaufcn-t 1
0 to 3. Weather ranged from partly cloudy with visibility less than 1 km to clear

with visibility unlimited. No bowheack  were sighted. m
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D
Flight  7: 25 August  1983

This flight  w a s  a grid survey  of the Edward 0. Vetter at 7CYY29.5’N,—. —
141051.1’W. Heavy  fog$ covering most of the Beaufort Sea$ caused grid legs to be 8

truncated resulting in incomplete coverage. Ice coverage  in the survey  area was

0/10; sea state was Beaufort 1: Visibility varied from less than 1 km to 10 km. 1

No bowheads  were sighted. Bearded seals  were the only marine mammals seen.
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J?iight & 26 August” 19$3

This flight  was a search survey  along the 20 m isobath east from Deacfhorse

to the the Arctic Star at 70~03.4’N ~ 141~ 14.0qW$ where a grid survey was beg~n.  a ii

Upon completion of the grid, a search was flown north of Herschel Island. Ice

1

.

was absent in the area of the grid survey and north of Herschel Island. This

wide$,  open-water corridor extended north to 70025’N ~ and west to the vichit y of

Barter Island$ where heavy ice (7/10. to 9/10) close  to shore  left little  open

water. Sea state in open areas was Beaufort 1 tg 2; in areas

Beaufort  0. Weather was clear with unlimited visibility. No

sighted. Ringed and bearded seals were seen.

with heavy ice,

bowheacis  were
I
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8

might  % 29 August 1983. 9*
This fllght  was a grid survey  of the Krystal Sea at 70040.2’N,  151026. O’W.’ 9

Ice was absent  in the southern half of the grid and 3/10 to 4110 broken  floe in the

northern  half. Sea state was Beaufort !. Weather was over~ast with unlimited 1
visibility, No bowheads  were sighted. Unidentified pinnipeds were thk only

animals  seen.
I
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This flight  was a search survey eastward from Deadhorse, aborted due to

heavy fog and poor  visibility. A second flight  was attempted but aborted due to m
aircraft  mechanical problems.

R

e
R

A-20

II



l=

K%

1s4

152

m

Ma

143

M4

142

bitl

138

t

.

<-M

A-21



Flight 11: 31 August 1983

This fllght was a grid survey of the GSI Fdaskan at 7WW7.C)’N,  140041 .O’W,

and a search survey westward along the open-water leads at 70040VN. Ice

conditions in the survey area ranged from 0/10 to 5/10 broken  floe~ and the sea

state  was Beaufort O to 1. Weather was generally clear with unlimited visibilit ye

Cme bowhead  was sighted at 1455 hr at 70036.4VN,  14204 1.7’W in a lead surrounded

by 5/10 broken floe ice, approximately 95 km from the nearest seismic vessel.

The bowhead  was small to med@m-size.  It was light gray or mottled, and it had

no obvious white markings on the chin or tail peduncle. The whale tail-slapped,

spyhopped and blew underwater. It was observed for only a few minutes before it

clove under a large pan of grease ice and disappeared. A cow-calf behkha  pair

was sighted at 70036 .4’N, 142039.1’ W at 1459 hr in the same lead as the bowhead.

They were swimming slowly  and heading 1500(M). The calf occasionally swam

under the cow.  Both belukhas  eventually dove under grease ice and were not

resighted. Unidentified pinnipeds were also seen. Seismic sounds from two

geophysical vessels were recorded.

T#/C#  L A T LONG TIME BEH H13G ICE SS DEPTH  SEISMIC DIST

1/0 70036.4’ 142041.7’ 1455 MI - 5 0 457 NO
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Flight 12 2 September 1983

This flight was a search survey  along the 20 m isobath  east from DeadhcIrse

to the Western Aleutian at 7’0000.2N,  13W5 1.9VV ~ where a grid survey  was begun. B
.—

Ice conditions in the area surveyed varied from 0/10 in the southeastern parts of

the grid to 9/10 in the northern parts. .Sea state  ranged  from 13eaufcmt  O to 2. 9

Weather was generally clear with urdimited  visibility. One bowhead  was sighted

within the grid at 1122 hr at 700 10.3’N$ 139037.6’W ~ approximately 21.8 km D
northeast of the Western Aleutian, which was shooting at the. time. The bowhead——
appeared to be resting at the surface, with a heading of 1200(M)~ when initially

I
sighted. There was no obvious response to the aircraft, which maintained 370 m

of altitude. All four geophysical vessels in the area, the Aleutian, the Alaskan,

the Polaris, and the Vetter were called immediately on the marine band rad~o. E

The Aleutian and the Vetter responded, and they were informed of the whale’s

position. Ringed seals and unidentified pinnipeds were also seen. 9

T#/C#  L.A’T LONG TIME BEI-I H13G ICE SS D E P T H  SEISMIC  131ST B
1/0 70010.3’ 139037.6’ 1122 MI 120 3 1 254 YES 21.8

I
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Fl&ht  13 3 September MB

This flight  was originally intended to be a grid survey  of the Krystal Sea in

Harrison Bay at 70038.3TJf  151023.7~W~ but heavy fog conditions prevented this. 1

Instead a search survey was flown along the 20 m isobath east from Deadhorse to

the Edward 0. Vetter at 69035.O’N,  i 3fKK13.9TW,  w’here  a grid survey was begun.— —  — 1
Ice conditions in the grid survey area were generally 0/’10 to 2/10 broken floe,

with sea state 13eaufort 1 to 2. Ice along the 20 m isobath ranged  from 4/10 to
i

9/10 broken  floe.  Weather was overcast with unlimited visibility. Two bowheads,

one of them breaching (three times in rapid succession]? were sighted at

69025 .0’N$  137025.OVW,  approximately 26.5 km southeast of the Vetter.  The
1

Vetter was shooting during the period of observation (20 rein). The whales were

within 1/2 km of each other and both were heading west,. Ringed and bearded n

seals?  unidentified pinnipeds,  and a polar  bear were also seen. Bowhead  and

seismic sounds were recorded. r

T’#/Cjl  LAT LONG TIME 13EH HDG ICE SS DEPTH  SEISMIC DIST’ E
1/0 69024.8’  137024a4’  1459 BR 300 2 1 37 YES 26.5

1/0 69025.0’ 137025.9’ 1502 IT? ~00 2 1 37 YES 26.5
I
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F!qght 14$! 4 September 19$3

This flight was a search survey

of @349N , 138~w * Ice Condltkms  h

around three geophysical vessels in the area

the area surveyed varied from 0/ 1’0 to 5/10 I

broken floe. Along the 20 m i,sobath~ 9/10 broken  ice had been blown  in from the

north. Sea state  was !3eaufort  O in heavy ice areas and Beaufort 3 in open water. R

Weather  was  overcast  with unlimited visibility. No bowheads  were sighted. A

solitary behkha  was seen at 1509 hr at 69046.9W, 138~31.2’Wj and a g;oup  of six I
beiukhas heading 1200(M)  was seen at 1602 hrs at 69039 .lIN, 136~5fL9sW.  A

sonobuoy  was dropped and faint seismic sounds were heard. These probably did
D

not originate from any of the three vessels in the immediate area.
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This flight  was  a grid survey  of the Krystd  Sea at 70Q46.1’N,  151~14.9’W.

Ice cxmktkms  in the survey  a r e a  were mostly 0/10 to 1/10 broken  floe;  t h e 9

northeast  corner of the grid was covered with 9/1 O ice.  Sea state  was Beaufort  3.

Weather  was oyercast  with unlimited  visibility. No bowheads were sighted. I

E3ehkhas  and an unidentified pkmiped  were the only marine  mammals seen. The

behddms were seen in two distinct grmqx9 one of eight individuaki  at 7CP47.51N, B
14!W51L9’W  and the other of 10 individuals at 7CP49X’N,  14V59..2’W.  Seismic

soumds  from a geophysical vessel were recorded. D
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Flight M 6 September 1983

This flight  was a search

line, east to J36WYW,  south

survey north of

to 69045’N  and

Barter Island to the 7 !W latitude
I

returning to Deadhorse along the

shoreline. Ice conditions were 9~1 O broken  floe along 7 l~Nt 0/! O to the east at. D
J3(W30’W. Sea state  ranged from Beaufort O to 2. Weather was general ly

overcast with unlimited visibility.

Two  small  bowheads  were sighted in 4/10 broken floe ice at 700 Y1’N,

143~35’W.  They appeared to be rniUing, possibly feeding, along the edge of a large

ice pan. The whales  were closely associated, separated from eachother  by as

little  as one whale  length. Our observation period was 24 minutes. The nearest

active geophysic”d vesseI was at Ieast 170 km away (to the east).

A large splash seen at 710N, 142020’W was considered a bowhead, but the

animal itself  was not sighted.

A very large bowhead sighted at 7 loN, 139004’W was swimming southwest at

a fast rate.

A group of feeding bowheads was detected in Mackenzie Bay by observation

of a series of mud plumes in the water column. As many as 8-10 of these plumes

could be seen at a given time. At least 5 bowheads, separated by dkitances  of 50-

200 m, were confirmed to be in the area. One was a light gray calf.  Mud was

streaming from the mouth of one individual as it rested near the surface. A large

number of birds were present. Water color differences - blue to green, plus the

orange to goIden mud plumes - were noted. No seismic sounds were heard, but 45

srrdl  vessels and an island with industrial activity on and near it were seen less

than 10 km to the east.  Our observations lasted only 15 min., after which it was

necessary to return to Ahska  for fuel.

Approximately twenty scattered beluktias  were seen at 1259 hr at 7 loOO.3’N,

142039:4’W, They appeared to be miliing$ and one cow-calf pair was included in

the group. Unidentified pirmipeds  were also seen.

E
T#/cX’l TAT LONG TIME BEH H13G ICE SS DEPTH  5N3.ISMK2 DIST

1/0 i’0~59e!Y 143034.O’ 1226 MI 210 5 0 1280 NO -

1/0 70059.Y 143~34eT 1245 Ml - 4 1 1280 No - I

1/0 7’1~00.2’  142020e@  130~ TR . ~ 1 1884 NO -

1/0 71000.3’ 139004.9’ 1335 TR 210 3 1 1939 NO - 9
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This  flight was a search survey  n o r t h e a s t  from Y3eadhorse  to 7101 I’N,

144~35’W.  No grid survey  was attempted due to heavy fog and poor  visibility in I

all areas. Ice conditions were 9/10 broken  floe nearshore and out to 70040’N;

beyond that$ 6/10 broken floe and Beaufort 3 sea state. No bowheads were [

sighted. CWw unidentified pinniped  was seen.
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Flight la 8 $&Xernk  1983

T h i s  flight  was a  gr id  survey  of the Krystal Sea in

7W%7.6’N,  151002.1’W. Ice conditions in most of the survey area

Harrison Bay at

were 0/ 10~ with a

sea state of Beaufort 29 bul the northern perimeter of the grid was covered by

3/10 to 5/10 broken floe.  Weather varied from foggy  to overcast, and visibility

ranged from 1 km to unlimited. One bowhead  was sighted at 1339 hr at 7f3058.5W,

1500 WL4’W, approximately 41.6 km from the Krystal Sea. The vessel was not

shooting at the time. An attempt was nevertheless made to notify the vessel of

the whale’s position. Upon completion of the grid, the whale was resighted at

1428 hr at 70058.4’N,  1500 12.8’W and observed for 53 min during  which time the

= ~ ‘a shooting” The whaiels  heading was consistently northwest; we

estimated the net distance traveled as 6.8 km in 102 rein, for a mean rate of

4.0 km/h. By 1515 hr, visibility had deteriorated so much that we were forced to

terminate our observations of the bowhead. Unidentified pinnipeds were also

seen.

T#/C#  L A T LONG  TIME BEH HDG ICE .SS D E P T H  S E I S M I C  DIST

I/o* 70058.5’ 150008.4’ 1339 -ill 300 3 1 22 No -

l/0* 70058.4’ 150012.8’ 1428 TR 300 3 1 22 YES 41

+5ame wh&e
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9
Flight  1% 9 September 1983

This flight  was a transect survey of Iihck  4 in support  of the endangered I

whale study.  A grid survey  of a geophysical vessel was not attempted due to

poor weather ccmdlticms  and alackof  vessel activity.  Iceconditions  in$lock 4 I

were mostly  1/10  broken floe in the southe&  haif and 9/10 broken fide in the

northern half. Sea state was Beaufort O to 2. Weather was overcast with E
unlimited visibility. No

unidentified pinniped were

bowheads were  sightM.

the only marine mammals

A bearded sed and an

seen.
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Fv&M m 10 Septe?rnber 1983

This mght was a transect
d the emkwgered  whale  W.dy.

survey  of the eastern half of Block 1 in support

A grid survey  of a geophysical vessel was not

attempted due to poor weather  cond~tiorts  and a lack of vessel activity. Ice

conditions in the survey area were genertiy 9/10 broken  floe with a sea state of

13eaufort O in the northern half of Block 1, and 0/10 ice with a sea state Of

Beaufort  1 in the southern  half of Block 1. Weather was overcast with unlimited

visibM-ty.  No bowheadS  were sighted. Unidentified pinnipeds  and a bearded seal

were seen.
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1
H@% 21:10 September 19$33 “

This flight  w a s  a grid survey d the Krystal Sea in Harrison  Bay at

7C$343.5W,  150~57e8’W,  followed  by a transect survey of the western half of

Block 1. Ice conditions ;n the grid survey area and the southern  half of Block 1

were generally 0/10 to 1/1 Cl broken  floe with a sea state of Beaufort 1 ~ and 8/10

to 9 / 1 ( 1  broken  floe in the northern  half of IMock 1. Weather  w a s  clear to

overcast  with unlimited visibility. No bowheads  were sighted. A polar  bear and

unidentified pinnipeds were seen. S5isrnic sounds  were recorded from one

geophysical vesseL

.
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B
Flight 2212 September 1983

This flight  w a s  a  grid survey  of the Edward  0. Vetter at i’0~30.7’N,— —  — D
i47~33.fYW.  Ice conditions in the survey area were 0/10 in all but the northern

portions of the grid,  where coverage was 9/10 broken  floe.  Sea state  was D
13eaufort  Oto 1. Weather  w~part!y  doudytooverc~t  with urdimited  visibility.

No Imwheads  were s ighted . Unidenti f ied pinnipeds were the only marine
1

mammals seen.

9
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Flighl  2% 12 September

This flight  was intended to be a grid survey  of the Krystal  Sea, but, poor

weather conditions forced us to abort the grid survey. Instead, we conducted a

search survey  along t h e  71~N latitude line. Ice cond~tions in the area of the

sightings were 7/10 broken floe$  and sea state was Beaufort 0. Weather was ciear

with unlimited visibility.

Four ~owheads,  inch.ding one calf, were sighted at 70~57.8’N,  144019’W,

heading north.  Two more bowheads were sighted in the same area. The larger of

these two breached 13 times in succession, siapped  the surface with its flukes and

flippers, and luhged. The smaller individual, traveling about 300 m behind the

other whale$ also breached at least once. After losing these two whales in the

ice, we observed eight more bowheacls  at 70059.9’N ! 144048.3’W ~ swimming west.

A solitary individual was in the lead, followed by another individud  at a dktance

of about 90 m. After the first whale dove under an ice sheet, the second breached

four times, tail-lobbed, and dove under the same ice sheet. The other six whales

were in two groups of three$  separated by about 90 m. The first group included a

small calf; the seconds a somewhat larger calf. R was surmised that at least some

of the eight whales could have been the same whales that we had seen earlier in

the flight.. Quantitative data on behavior at and near the surface were collected

during the two hrs of observation.

Approximately 150 belukhas were seen at 1503 hr at 7 lo02.2’N,  145027.2’W

in a lead surrounded by 9/10 broken floe ice. All were consistently headhg

2100(M).  Many light gray belukha calves (approx.  20% of the total whales in this

group) were seen “in close association with the adults. An unidentified pinniped

was also seen. 130whead and belukha sounds were recorded; no seismic sounds

were heard.

T#/C# LAT LONG  TIME W-l I-ILK  ICE SS DEPTH  SEISMIC DIST
1

4/1*  70~57e8’  144019,0’ 1519 TR 330 6 0 549 No ‘=

2/0 7oc157e~9 ~440~7e7f 1523 BR 240 ~ o 549 No - 8

8/2+ 7005909’. 144~4&3’ 1734 TR 240 7 0 915 No -

9
*duplicate sighting suspected

B
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Flight 24:14 Septemkr  1!383

T h i s  flight  was a grid survey  of the W e s t e r n  Aleutian at 70~ 13.2’N,

14Y333.4’W.  Ice conditions in the survey area were l/10to  3/10brokenfloewith B

a sea state of Beaufort 1. Weather was overcast with unlimited visibility. No

bowheads  were sighted. Unidentified pirmipeds  were the only marine mammals 1

seen.

D
a
B
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Flight 2% H .septernber  1983

This flight  was a g r i d  s u r v e y  of the

1450 16,3’W.  Ice conditions in the area surveyed

Western Polaris  at 70015.7’N,— .
B

were generally 2/~ O broken  floe

in all but the northernmost sections of the grid. Sea state was Beaufort O to 1.

Weather was overcast with urdimited  visibility. NCI bowheads  were sighted.

Unidentified pinnipeds and a bearded seal were seen. Seismic sounds from one

geophysical vessel  were recorded.
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might  a% M September 1983

This flight  was a grid survey  of the GSI Alaskan at 70W6.2’N,  147029.4’W,——
and the Western Aleutian at 70~ 15.6*N$  145~55.9’W. Ice conditions in the survey

9-
.—

area were generaliy 2/10 broken  f Ioe in the southern  half of the grid and 9/10 in

the northern half. Sea state was Beaufort O to 1. Weather was overcast with I

visibility varying from less than 1 km to unlimited.

One bowhead  was sighted within the grid at 1616 at 70023 .9’N, 145006 .3’W, I
approximately 34 km northeast of the Aleutian~  w~~ch was shooting. The whale

was in ice of 8/10 coverage, swimming slowly to the northwest. A scmobuoy I
dropped “near the whale revealed faint seismic pulses which we later determined

were f rorn the Aleutian. Because of the heavy ice near the whale! the late time

of day, and the whale% considerable distance from the Aleutian, the whale  was

left alter  a short (<15 rein) period of observation and the grid was c~mPleted.

Unidentified pinnipeds  were also seen. The sonobuoy  dropped during flight 25

was monitored~  and seismic sounds were recorded.

T’#/c# LA-r LONG  TIME BEH H13G ICE S S  DEPTH  SEISMIC  D I S T

1/0 70023e9’ 145006.3’  1616 TR’ 240 9 0 3 8 YES 34

9
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Ffight 27: 16 Se@e!mber 19X3 ,
.

This flight  was a grid ‘survey of the Krystal Sea at 701345.O’N,  1510 14.2’W.

Ice conditions in the survey  area were 0/10 with sea state  E&a&x-t  1 in all but the

northeast corner of the grid; where  the coverage was 3/10 to 4/10 broken  floe and

Beaufort 0. Patchy fog and rapidly decreasing visibility eventually forced us to

terminate the flight.

Approximately 10 bowheads,  all headkig  “west, were sighted within the grid

at 1435 hr at 70~55T4, 14 W498W$ approximately 57 km northeast of the Krystal

Sea, which was shooting. These whales  were all inside a five km 2 area near the

outer edge of the nearshore corridor of open water. Three of them were closeiy

associa~ed  with one another. The Krystal Sea was notified at 1447 hr of the

whalesv  position, headingj  and behavior and was asked to pass this inf ormat.ion  on

to our colleagues in Deadhorse. However, the opportlmit  y for an experimental

disturbance trial was lost because of the distance between the whales and the

Krystal  Sea and because visibility was decreasing rapidly. By 1605 hr visibility

was close. to zero in the vicinity of the whales.

One beIukha was seen at 1539 hr at 70~56.5’W,  150°00.0’N, within 1 km of

the bowtieads.

T#/C#  LAT

1/0 70@3.9’

4/0 70055.8’

4 / 0  70057.8’

LONG TIME BEH 1413G ICE !3S DEPTH SEISMIC IX5T’
149049,8’ 1432 TT? 330 2 1 18 YES 57

149050.O’  1432 TR 270 2 1 20 YES 57

149047.0’ 1439 TR 270 2 1 22 YES 57

150003.9’ 1605 TR 270 2 1 18 YES 57
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might  288 18 september 1983

This flight  was a !@isurwy of the GSI Alaskan at 7WT22.2T4,  1WVZ3.3’W,

with two additional transects added  onto the grid h order to monitor the area

near  the  Western Aleutian at 70W?l.6sN~ 146f338.2’W.  Ice coverage in the survey

area varied from 0/1 O to 9/10 broken  floe~ w i t h  a  sea state  of Beaufort 1 . 1

Weather was overcast with variable visibility. No kmwheads  were sighted. Pm

unidentifkd  pinniped was the only marine  mammal  seen. Seismic sounds  from one I

geophysical vessel were recorded.
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Flight 2% 18 %?ptember  19$3

This flight  was a search survey  north from Deadhorse  to 7 loN and then east.

Weather was overcast with unlimited visibility. Ice conditions in the area

surveyed were 7/10 to 9/10 broken  floe, and the sea state was 13eaufort O to 1.

One s ighting recorded as a probable bowhead  was made at 7 loO1’N,

146044’W.  Later, four bowheads  were seen in the vicinity of 70025’N,  140058’W.

Initially  one individual was seen breaching in a narrow lead. This solitary whale

appeared to be milling and displaying at the surface when first sighted, but it

seemed startled by the impact and activation of a soriobuoy  that landed ~earby.

The whale had breached twice and Mown once immediately before the sonobuoy

landed, but it dove abruptly and then began swimming rapidly to the northwest

within seconds after  the sonobuoy struck the water. While searching for this

whak  after recording severai more of its blow series ~ three more solitary

bowheads  appeared in or near the same lead. These appeared to be heading west

or northwest at moderate speed.

A large herd of belukhas,  estimated to include 150 animals of which 10-15

percent were calves, was within 3-5 km of the bowheads  at 70025 .3’N, 141001 .5’w.

The belukhas  were in groups of 10-20 individuals and could be seen under the

grease ice and in holes  and leads near it. Unidentified pirmipeds  were

this f~ight. Sounds of bowheads and belukhas were recorded in this

seismic sounds were heard.

approximately 150 km to the west

T#/C# L A T LONG TIME

1 / 0  71001.O’ 146044.O’  1 4 0 9

1 / 0  70024.O’ 140057.5’ 1521

3/0 70025.6’ 140058.3’ 1629

The nearest shooting seismic

at 7001 l’N~ 145004’W.

1

also seen on
-

area, but no

vessel  w a s E

I
BEH HDG ICE SS DEPTH SEISMIC DIST

INN 240 3 1 1098 NO -
E

BR 240 9 0 366 i 50
-.

No

TR 270 9 0 366 NO 150
B
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FIi@t 3(k 21 September 1983

This f~ight was a grid survey of the Krystal~at  70~37.7’N,  151 WL9W,

and a search survey  east along the 710 103?4 !atitude  line. Ice coverage i~ the grid I

survey area was 0/10 with a sea state of Beaufort 1 ~ and 4/10 to 5/10 broken  floe

w i t h  Beaufort O north of the 7 ION latitude line. Weather was overcast  with i

visibility ranging from 5 km to unlimited.

No bowheads  were sighted during  the grid survey, but eight.! inchding  two

calves, were sighted in the area

whales were moving moderately

difficulty relocating individuals

bowhead, sounds were recorded.

T#/C#  LAT LONG TIME

1/0  71008c.o’  148043 .1 ’  1127

UCI 71009.1’ 148047.9’ 1138

3 / 0  7IO1O,Y  148039.7 1205

!/1 71009.1’  148037 .3 ’  1222

2/1 71009.3’ 148037.8’ 1226

of 71009%I , 1 48043’W o Ice conditions in the 40

from large open leads to 8/10 coverage. The
[

fast to the south and west, and we had g~eat

after a dive. T3elukha and seismic, but not
I

BEH HDG ICE

TR 240 5

TR 240 5

TR 150 4

TR 240 4

TR 190 4

A-60

SS DEPTH  SEISMIC 13KT

o 137 YES 130

0 137 YES i30

1 183 YES 130

1 183 YES 130

1 183 YES !30
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R
Flight 31: 22”septembef  1983

This fllght  was a search survey north from Deadhorse  to 7 loN ad east.

Theairmtit’s  navigation system  w=notfunctioning  properly, andthef!ight  had I

to be aborted. Ice coverage was generaljy 2/10 broken floe south of 710N arid

7/10 to 9/10 north of this latitude. Sea state was Beaufort 1. W e a t h e r  was a

‘pattiy  fogwith  poor  visibility  (less  than lkmto5krn)e

B
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Flight 32% 23 September 1983

AU geophysical vessels  were either in dock or headhqg toward dock due to

the rapid f o r m a t i o n  of grease ice on most  of the open  water  in the Alaskan t

Beaufort Sea. T%iS fllght  was a transect survey  of Block 4 in support of the

endangered whale  Studye  Ice conditions in BhXk 4 were generally 5/1 o to 9/1 o s
broken  floe or newly formed  grease, and the sea state varied from $eaufort  1 to

5. Weather was patchy fog with variable visibility.  No bowheads  were sighted.
B
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Flight 3% 25 September 1983
.

T~sflight  w=atrmse@  survey of B!ock30  Icecoverage w*5/10t09/10

broken  floe in ‘al! areas except  Harrison Bay, where  there was ‘still  open water I

but where  grease ice was forming cm the fringes.  Sea state  was Beaufort O to 1.

Weather was overcast and foggy, with visibility from 3 km to unlimited. 9-
One bowhead  was sighted at 71~00.5’N, 15CP51.3’W.  Twenty-five belukhas

were seen at 1052 hr at 710 10.5T.!  ~ 150W 1 ,5W ~ heading west. Polar  bears,
1

Walruse.sf  and an unidentified pinnipecf were also seen.

T#/C#  L A T L(3NG T I M E  BEH HDG ICE SS D E P T H  SEISMIC  DIST

1/0 7 1 0 0 0 . 5 ’  i50051.9’ 1132 TR 240 9 0 20 NO
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might  3$:

This

were 9/10

26 September 1983
I

flight was a transect survey of Block 50 Ice conditions in the Mock

broken  floe, and there was 5/10to 6/10 gre=eice  close  to shore. Sea t

state was Beaufort 0. Weather was overcast with unlimited  visibility.

At 1033 hr a loosely  associated group of approximately six bowheads  was E

sighted at 7WX32’N  ~ 142032W$  just east of Barter  Wind and in shaljow (9 m) water

within 1 km of shore. Ths ice here was 8/10 grease and slush.  During the brief I
observation periody  the whales were seen avoidhg  swimming through the grease

and slush ice, preferring to pass under patches in order to surface ord y in areas of
9

open water. They were mil!ing and, judging by the inconsistent headings, probably

feeding. After completing the BIock 5 transects, a return flight to the same area

revealed what was almost certainly the same group of whales at 1344 hr. One of 9

them had a distinctive white mark on the peduncle  which allowed for its

recognition as an individual sighted earlier in the day. The whales were still I

milling, swimming slow!  y? and ‘avoiding the grease ice. They showed no evidence

of interaction. Some individuals fluked-up when divin~  others did not. The 1
whales’ net westward. movement. between morning and afternoon (19 1 min elapsed

time) was estimated to be 7.9 km, for a rate of 2.5 km/h. Some of this movement
R

may have been caused by current. After one hour of observation, the plane

departed to 13eadhorse  for fuel.  During this flight, three groups of belukhas  were

seen. The first group of 25’ was seen at 1139 hr at 70030 .8’N, 14 lo53.3’W,  heading B

west. At 1230 hr, approximately 55 belukhas were seen at 70028 .9’N, 140047.9’ W,

heading east. The third group, of three belukhas,  was seen at 1236 hr at D

70022L3’N  ~ 140020 .5’W. A polar  bear and an unidentified pinniped were also seen.

I

T#/C# L A T LONG TIME BEH HDG ICE SS DEPTH SEISMIC DIST

2./o*
l/o*
l/o*
2/o*
l/o*
l/o*
l/o*
3/o*
I/o*

70001.9’
7fJ0f31e61
7oOo2aov
70003.8!
7oorJ3e#
7oorJ3*g
700(33.3!
700(33.51

142032.1’
142033.3’-

142032.7’
142034.4’
142043.0’
142043.0’
142043.0’
142042.6’
142040.8’

1033
1036
1037
1038
1335
1335
1335
1339
1340

F@
F%
FE
FE
FE
FE
FE
FE
1?%

240
240
300
330
330
180
300

060

9 0 9 N(3 -
9 0 9 w -
9 0 9 No -
9 0 9 No -
9 0 9 NC) - 1
9 0 9 NO -
9 0 9 No -
9 0 9 No - 1
9 0 9 NC) -

*All  sightings listed refer to mern hers of a loosely associated group of Iapproximateiy 6 dlf f erent individuals seen repeatedly.
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Fli@t 3% 2’7 September 1983

This flight  was a transect

coverage was 7/10 to 9/10 broken

survey of the western half of Block 4. Ice

floe and grease, with a sea state  of Beaufort O.

Weather was overcast with unlimited visibility.

Approximately 7 to 10 bowheads  were sighted at or near 70026’N  ~ 144052’W. I

The immediate area had 4/10 broken floe ice and numerous leads, surrounded by

9/10 broken  floe ice.  The whales were swimming west and northwest at speeds II
ranging from slow to fast.  ‘They tended  to have long blow series and did not dive

deep between surfacing periods. Many could often be seen swimming just below
[

the surface between blows. In one instance, two whales swimming moderately

fast to the west and within a whale  length of each other slowed to a stop as they

approached the edge of an ice cake, then dove under  it. CM two other occasions B

small individuals upon approaching the edge of a large pany turned and swam

parallel to it for three to five whaie  lengths before diving under the ice. An I

unidentified pinniped  was also seen on this flight. Bowhead  sounds were recorded.

D
T#/C#  LAT L O N G  TIME B15H HEX ICE SS DEPTH  S E I S M I C  DIST

2/0 70025.6’ 144052.5’ 1018 TR 240 7 0 42 No -
9

2/0 70026.7’ 144052J#  1022 ‘IX 280 7 0 42 No -

1/0 70026.9’ 144052.O’  1026 TR - 7 0 42 No -

1/0 70026.7’ 144051.8’  1038 T’R - 7 0 42 NO - !

1/0 70027.2’ 144056.5’ 1049 ‘Ill - 7 0 42 NO -

B
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might M 27 Sep’twnber

This flight  was a transect survey  of the eastern half of Block 4. Three

bwheads  mdone’’footprint”  (alarge sMckleft  onthesmface  titer  awhale  has B

dived) were sighted. The whales’ headings were west and southwest. Ice

coverage was 7/10 to 9/10 broken f he and grease?  with a sea state of Beaufort  0. II

Weather was overcast with unlimited visibility.

I
T#/C# L.AT , LONG  TIME BEH HDG ICE SS DEPTH  SEISMIC D15T

2/0 70~29e8’  144~45.9’  1437 TR 230 8 0 42 NO -
u

l/i 70029.6’ 144032.6’ 1442 TR 180 8 0 46 No -

1/0 70031.2’ 143022.4’ 1515 ‘ NN 240 9 0 46 No -
I

B
B
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Flight 372 28 septemk 1983

Ttisfligh  tw=atrmse  asurveyof$iock  la Icecoveragewxy~lOto~/~0

broken  floe and grease$ with  a sea state of Beaufort 1. Weather  was  clear with B

u@nhxi  visibility. Three  kmwheads$  including  a cow-calf pair, were sighted  at

710 10,3’N,  149050.9’W. All three were heading  west at a moderate speed. ‘K’he R
calf was swimming above the cow for a time.

I
T#/C# L A T LONG  TIME  BIW HEX ICE SS DEPTH WW.UVIIC  !3ET

1/0 71011.1’  149044.2 1035 TR 240 2 1 183 No -
I

2/1 71010.3’ 149050.9’ 1037 TR 240 2 i 183 No -
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might m 28 september  MM

This  flight was a search survey of the area where bowheacfs  weIre seen on

f!ight  37. Ice coverage  was 7/10 to 9/10 broken floe and grease, w~th a sea state

of Beaufort lo Weather was clear with unlimited visibility. Nine bowheads$

ineludlng  two cow-calf  pairs~  were sighted in the area of 7lo10’!4 ~ 149045~W. Ail

were heading west and were separated by distances of at least 100-150 m (the

dew/calf pairs being taken as separate units). ClrIe Iarge solitary whale  appeared

to respond to the aircraft (circling at 490 m a.s.l.)  by roll!ng onto its side$ making

a 900 change in course, and sinking tail-first until lost from view. Considerable

quantitative data on the cow-calf pairs were collected. The second pair remained

for more than 30 min in a pond of open water about 1 km in diameter, moving

slowly. After they dove under a solid sheet “of ice 5.9 km across, they were not

re-sighted~  in spite of a prolonged and intensive search of the area. Seven

belukhas were seen at 1530 hr at 71014.8’N, 149058.O’W.  All were heading

1200(M). No other marine mammals were seen.

T’#/C# LAT LC@NS TIME BEI-I H13G ICE

1/0 71009.!’ 149044.2? 1436 TV? 300 7

3/ i  71°10.2 ’

1/0 71008.7$

1/1 7!008.9

1/0 71008.4’

49344.9’  1 4 4 0  S1 270 7

49048.1’ 1500 -r’R 260 4

i/O 71006.3’ 149007.4’ 1647 TR 280 5

1/0 71006.O’ 149009e2’  1744 IT? 220 5

SS DEPTH SEISMIC

1 183 NO

1 183 NO

1 183 NO

1 62 No

1 62 NO

1 62 NO

1 62 NO

DIST
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Flight 3% 29 September 1983

This flight  was a search survey  east from Deadhorse  to Barter  Island. Ice

cmnd~tions  near Barter Island were 5 /10  grease and slush, with a sea state of

13eauf ort O to 1. North of Plaxman  Island, ice cond i t i ons  were 8/l O grease and”

ShMhp with a 13eaufort  3 sea state. Weather was initially ciear  with unlimited

visibHitye A p p r o x i m a t e l y  eight to ten bowheads~  thought  to be feedhg$  were

s@tetf  at 70~ 11 .6W ~ 143~25.5t  W ~ within one km of shore  and just east of Barter

Island.  ‘Their  headings were not consistent? and they were making what appeared

to be both shallow and steep d~ves  in water about 11 m deep. After close  to two

hrs of observation, the plane was forced by fog to leave  the area. While  en route

tb Deadhorse  to refuel~  four bowheads  were sighted at 70012.TN, 146~ 10$W ~ one

km north of Fiaxman  Wand. These were observed for only a short time before

fuel requirements forced a return to Deadhorse.

‘T#/C# L A T .LONG  TIME BEH HDG ICE SS DEPTH  S E I S M I C  DIST

3 / 0  7001106’ 143025.Y 0951 FE 090 5 0 11 No -

1/0 70011.2’ 143024.9 “0958 FE 240 5 0 11 No -

1/0 70010.9’ 143%!7.0’  1001 FE - 3 1 11 No -

3/0 70~li.Y 143%?4.0’ 1205 FE - 3 I JI No -

4/0 7CF12.T 146010.2’ 1222 MI 21”0 8 1 7 No -
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Flight 4m 29 September 1983

This flight was a search  survey e a s t  from Deadhorse to Fk3xrnan Island to

attempt to relocate  the kmwhead.s  seen earlier cm Flight 39. Ice conditions were

8/10 grease and slush,  with a sea state of $eaufort  2 to 3. Weather  in the vicinity

of FUaxrnan Island was clear with unlimited visibility. Approximately 10 bowheacfs

were fcmmf  at 70~ i4’N ~ 146~ 10r W~ one km north of the island.  Their  behavior was

essentially the same as that of the bowheads  observed earlier in the day near

Barter Island.  The tendency of the whales to avoid the slush and grease ice when

surf acing was reminiscent of the observations made on September ’26 (Flight 34).

Even when they encountered small patches of ice, the whales chose to dive

underneath them and surface on the opposite side rather than to swim through

such patches. Shortness of surface times was noted (sometimes consisting of a

single Mow) and? with the rapid developm~nt of slush and grease ice and the

deteriorating light conditions, it became increasingly difficult to detect whales

and observe them through a compiete  surface and dive sequence. At 1640

observations were terminated and the plane returned to 13eadhorse.

T#/C#  LAT LONG  TIME BEH HEX ICE S S  DEPTH  SEISMIC DIST

1/0 70014.3’ 146009.1’  1435 Ml 240 8 2 7 No “

9/0 70013.8’ 146010.2’ 1544 MI - 8 2 7 No -

IB
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Flight 41: 30 September 19%3

This flight  w=aseXch  survey e=tfrom  Deadhorse  dongthe20m  isobath

to Barter Islar!d~ then northwe~t  to the area where  whales had been seen on Fl!ght ,

38. Iceccmditicms  were 4/10to 5/10 grease andslush  south of 70~20’N, and 9 /10

broken  floe and grease north of there. Sea state was E3eaufort  1 to 2. Weather

was overcast with urdimited  visibility. One bowhead  was sighted during  one

surfacing series “at 70040.2Tl  ~ 147036.4!W,  c&ectl  y In the path of the Cana&~an

icebreaker Terry Fox. The vessel was heading east at a speed we estimated as .

greater than, 10 kt. It appeared to be moving through the 9/10 grease ice in the

area with little  difficult y. The whale was less than 1 km in front of the vessel and

heading east, swimming rapidly and remaining near the surf ace. Observations of

the whale were brief, and no quantitative data on its behavior were collected. It

was assumed that the whale either sounded deep or changed its course before

being overtaken by the vesseL The whale may have been fleeing.

‘TWO  more bowheads were sighted briefly at 7 lo03.8’N,  150015.5’W in 9/10

grease ice. They were solitary and headed due west at moderate speed. Neither

whale couM be resighted in spite of persistent circling

seal was also seen. A sonobuoy  was dropped near the

noise recorded.

l’#/C# LAT LONG TIME BEH I-UK ICE SS

1/0 700390Y 147029.1’ 1558 TR 090 9 1

1/0 71003.8’  150015.5’ 1648 TR 290 9 1

1/0 71004.1’ 150014.6’ 1652 TR 240 9 1

A-82
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DEPTH  SEISMIC DIST

38 No -

18 NO -

18 No -
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The continental

geophysical surveys

INTRODUkON

shelf north of Alaska has become an important area for

searching for hydrocarbon deposits. The Minerals

Management Service (MMS) of the U.S. Department of Interior is responsible for

exploration leases in offshore areas and has supported research to learn about the

effects of oil and gas industry activities on the environment. In particular, MMS

has supported the Naval Ocean Systems Center (NCX5C)  since 1979 to conduct

aerial surveys of bowhead whales during their westward migration along the north

Alaska coast. There is concern that underwater sounds from industrial activities

may disturb these animals and perhaps even cause them to alter their migration

patterns. Thus, NOSC has used sonobuoys  to monitor underwater sounds in the

vicinity of whales. Of the different types of sounds heard, the strongest are

seismic survey signals, which may be received at ranges exceeding 80 km ~ even in

shallow water. In 1983 NOSC arranged for Greeneridge Sciences, Inc., to send an

underwater-sound specialist to sea on a supply

signals at close range, using the airgun array on a

signaI source.

vessei to record seismic survey

cooperating survey vessel as the

Experimental Conditions

Ice conditions north of Alaska in September 1983 were such that ships had a

difficult time operating and many plans, made by geophysical survey companies

and research parties alike, were thwarted. The heavy ice remained very close to

the coast. On 21 September, the acoustician  took his equipment aboard Northern

Lighter, a 38 m supply vessel operated by Western Geophysical, Inc. On 22

September, after resupplying two survey ships in Camden Bay (near Barter Island),

Northern Lighter met the survey vessel  Western Polar\s  northwest of Camden Bay

just before 1&30 Alaska Daylight Time (ADT).  Two hydrophores at depths of 9

and 18 m were over the side of Northern Lighter, which was adrift. Western

Polaris steamed away at the normal speed for conducting surveys, 4 to 4.5 knots,

firing the airgun array in the usual manner ( 12s between firings).

There were ice floes in the vicinity, with the total ice coverage about 3/10.

The sky was clear, the wind was calm and the sea surface was nearly flat. The

water depth was 20 m. It was essential for Northern Lighter to keep all its

generators running and the main propulsion engines idling during the recordings;

therefore the background noise levei was quite high.

B-1



Terminology

Several terms familiar  to acousticians  have been used in this report.  To aid

other readers we have provided brief definitions below.

Absorption loss: a loss of sound energy to molecukw action.  R can be described.—
as a IOSS  of so many d$ per unit dktance  traveled. Losses  from absorption into

the bottom  and scattering at the surface can also be described this way in shallow

water when sound rays are reflected  many times between the surface and bottom.

Spherical spreadin~ sound pressure diminishes with range simply  because it

spreads out f rorn a i~cal source. In a linear  medium without refraction or

reflecting surfaces the wavefronts are spherical and the spreading loss can be

described in d13 by computing 20 log(R/RO),  where RO is unit range or some

reference range.

Cylindrical spreadin~  sound spreads out from a source but is reflected at the

surface and bottom repeatedly. The wavefronts  become cylindrical and the

spreading can be described in dB as 10 log(R/RO)~ where R.O is unit range or some

reference range.

Finite amplitude effects: effects from signals so strong the water is displaced a

finite amount by the pressure wave. In normal acoustic signaI propagation the

displacement is infinitesimal and no energy is lost to heating the medium. Signals

fro+ airguns  are large and do not, become ‘acoustic’ in the above sense until they

have spread out from the source a substantial distance.

Airgun Array

The airgun

METHODS

array on Western Polaris was deployed on four lines behind the

i

ship. The lines streamed parallel to one another and were 2.4 m apart. Each line

contained six airguns  spaced 2.4 m apart. The forward airgun.s in the two outside
a

lines were 4.3 m from the ship’s stern; the forward airguns in the inner two lines

were 43.9 m behind the stern. In use$ 18 or 20 guns were used simultaneously for.

a total source volume of 27.9 L (1700 cu in). The source level was reported to be I

30 bar-m. Airgun source levels are usually stated as peak-to-peak levels, in which

case the source level  of this array would be equivalent to 244 dB//lui?a-m peak. J
The towing speed was on the order of 4 to 4.5 knots and the intervai between

firings was 12 sec. 1

B-2
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Recording Procedure

A crew member ontheb  ridgeof  Northern Lighter recorded radar ranges to

Polaris during the experiment, logging the time whenever the range increased by

an additional 0.23km  (1/8n mi). Recording continued from a range of 1.62krn

(7/8 n mi) until Polaris was beyond 7.41 km (4 n mi). Then recordings were made

for short periods when Polaris reached 9.27 km (5 n mi) and 11.12 km (6 n mi).

Equipment

The hydrophores at 9 and 18 m were wideband, low-noise model H56

hydrophores from the Naval Research Laboratory, Orlando, Florida. These two

units had sensitivities of -172 dB//lvoit/microPascal  and were capable of

receiving pressure signals with levels of 189 dB//luPa  without distortion. Signals

were recorded on a Fostex Model 250 four-channel cassette tape recorder. This

recorder has a servo-controlled capstan for speed stability to assure the

preservation of the signal frequencies being recorded. The two hydrophore signals

and a voice channel were recorded simultaneous y.

Analysis Procedure

Analysis involved playing back the tape and digitizing selected segments for

analysis with a generaI purpose computer. The analog-to-digital converter

provided 12-bit samples at a rate determined by the operator. For waveform

(time series) analysis of the seismic signals the sample rate was 2048 samples per

second. For spectrum analysis of the background signals before and after the

experiment the sample rates were 2048 and 16,384 sample/s. .
Analysis of the seismic signal waveforms followed the format used in

analyzing seismic signals receitied in the Canadian Beaufort Sea and reported in

Greene (1982, pp 313-320, and 1983, pp 236-245 and 262-264). The digitized

waveforms were plotted, and the maximum amplitude was measured on the plot.

By squaring the maximum ampIitude,  dividing  by 2, and computing 10 times the

logarithm (base 10) of that result, we derived the effective level of the signal in

dB with respect to 1 volt. The term ‘effective! is used because although the first

measurement is of a maximum or peak level, the final computation is of the level

we would have measured had the signal been a sinusoid with the same maximum

level. The term ‘effective’ is synonymous with ‘root-mean-squaret, or Yrns’.  In the

remainder of this report we will shorten ‘effective received pressure level’ to

‘received level’.

Measuring the average period of the signal in the vicinity of the maximum

amplitude permitted computing the frequency by taking the inverse of the period.
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(The signd$weregenerwy  periodic  in nature.) Then, combining thehydrophone

sensitivity with the tape recorder amplification (or attenuation) at the signal

frequency, we obtained the system  sensitivity in C@ with respect to 1 volt per

rnicroPascaL FinaUy$ we s u b t r a c t e d  the system s e n s i t i v i t y  from the e f f e c t i v e

level of the signal to obtain the effective received pressure level  of the signal in

dB with respect to 1 rnicrol?ascal  (d13//luPa).  .

From discrete Fourier transforms we derived est!mates  of power spectral

densities; these characterized the background noise. The process will be

described in detail for signa!s sampled at the rate cd 2048 samples per second. A

total of 17,408  samples were stored, or 8.5s. These were ~~vided  into one set of

eight segments, each 2!348 samples Iong$ and a second set of eight additiomd

segments of the same length but overlapping the first segments by 50%. Thus,  the

first 1024 samples were used only once  (in the first segment in the first set) and

the last 1024 samples of the original 17,408 were used only  once’ (in the last

segment in the second set). All other samples were used. in two segments. The

2048 samples in each segment. were weighted by the ‘minimum 3-term Blackman-

Flarris’ “window (Harris, 1978) to minimize undesirable effects of the dkcrete

Fourier transform. The weighted samples were transformed, the power spectrum

computed~  and then the power spectra for all 16 segments were averaged.

Corrections were made for ail gain and attenuation sources in the computation

process and in the system to obtain a calibrated estimate of the power spectrum.

We expressed the results in units of dB with respect to 1 microPascal  squared per

Hz, written dB//h@a**2/Hz,  and plotted graphs of the spectrum from 10 to 500

Hz, which are presented in the section on results. The spacing between frequency

‘bins? in the spectrum is 1 HZ and the effective width of each bin is 1.7 Hz.

A similar process was followed to compute the spectrum up to 8 kHz. The

sample rate was 16,384  sample/s, and 32 overiaping segments, each 1024 samples

long, were processed and the results averaged. In the results$ the spacing between

frequency bins is 16 Hz and the effective width of each bin is 27.2 Hz.

It is usef ui to describe the sound level in a band of f requenciesy  which we

call the ‘band level!.  We computed band levels by surhming the spectrum results

between selected frequency limits. In this report the bands used are 10-.1000 Hz

and 160-8000 Hz.
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RESULTS

There are three aspects of the results: the background noise levels, the

seismic signal levels, and the regression equations derived to model the received

sigfial  levels. We discuss these separatei y in this section.

Background Noise

!5egments  of the tape recorded data were analyzed between the received

seismic signals to measure the background leveis.  We required 8.5s, which was

well  within the 12s between the seismic signals. Segments were selected near

the beginning of the experiment and near the end, and analyses were performed

for both the 9 and 18 m depths.

The averaged power spectra for the background at the beginning of the

experiment are shown in Figure &1. Spectra from 10 to 500 Hz and from 160 to

8000 Hz for the 9 m depth are shown on the left, and corresponding spectra for

the 18 m depth are shown on the right. The dB scales are the same for the top

two graphs (10-500 Hz), but there is a 10 dB offset between the graphs for 160-

8000 Hz at the bottom. This is because the plotting program automatically scales

the graph so the highest level in the spectrum falls within the top division, and the

level at 160 Hz (which was the highest level for both graphs) was higher than

110 dB at 9 m and less than 110 dB at 18 m. The 9 m hydrophore, being closer to

the hull of Northern Lighter, would be expected to have higher levels than the

18 m hydrophore. It is difficult to see from the graphs, but the level at the 9 m

depth was slightly stronger, as can be seen from a comparison of the band IeveIs

in the following table

Levels in dB//luPa

Freqband 9 m 18 m SS Zero

10- 1000 Hz 139 138 89

160-8000 ~Z 133 132 81

For comparison, we have computed band levels for Knudsen’s extended model  for

noise in a calm sea, ‘Sea State Zero’ (Knudsen et al. 1948). The level of noise in the

water near the idling Northern Lighter is comparable to levels expected in a severe

storm, although there is no reason to think Northern Lighter is noisier than other

ships.
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Background noise spectra at the end of the experiment are presented in

Figure B-2, which has the same format as Figure B-1. The band levels are

presented inthe following table:

Freq band

10-1000 Hz

160-8000 Hz

We haveno reasonto

andend of the test.

LevelsindB//luPa

9 m 18 m

138 135

130 127

expect any change in the noise levels between the beginning

The characterof  the spectrain both figures reveals asignificant  numberof

tones, which appear as spikes in each spectrum. These tones are characteristicof

sounds from rotating machinery such as engines, generators, pumps and the like,

and we would expect the noise from Northern Lighter to be dominated by such

tones.

Seismic Signals

As explained in the ‘Methods’ section, we analyzed the seismic signal levels

using their waveforms. For example, signals from a range of 1.85 km are presented

in Figure B-3 for depths 9 and 18 m. Although the signal is short relative to the 1 s

time axis, we see a low frequency signal arriving before the large amplitude pulse

and many noisy signals arriving afterwards. The low frequency signal has evidentiy

traveled via a higher-speed path in the earth beneath the ocean. The large pulse is

the water-traveling wave, and the noise-like signals following the large pulse are

the results of sub-bottom reflections and perhaps reverberation in the water. AU

these signal components are interesting, but we will concentrate on the strong

water wave as we assume this is the part, if any, most likely to affect marine

mammals.

Figure B-4 is an expanded graph of the main pulses of the same signals shown

in Figure B-3. The signal from the 9 m depth shows weak ‘breaks’ compared to the

smooth oscillations in the signal from the 13 m depth. It is possible that these

‘breaks’ indicate slight overloading and distortion of the signal. When a signal was

more severely distorted than appears in Figure B-4 we rejected it for consideration

in deriving an equation for received signal level vs. range.

It is characteristic of sound propagation in shallow water that impulsive

signals are received as the sum of many reflections from the surface and bottom
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and that the pulse becomes ‘stretched out’ in time and appears to sweep from high

frequencies to low. This effect is clearly visible in Figure B-4.

Figure B-5 portrays waveforms from 3.71 km. We note that the low
frequencies evident in Figure B-4 (1.85 km) are still present. We found these

frequencies to be on the order of 60-80 Hz. Figure B-6 portrays waveforms from

4.10 km on the same time scale (250 ms over eight divisions), and we note that the

low frequencies have virtually disappeared. The remaining signals appear to be

above 200 Hz. This rapid change in the signaI frequency content ~ over a range

change from 3.71 to 4.10 km, was unexpected.

Figure B-7 presents waveforms at depths of 9 and 18 m for seismic survey

signais received when Western Polaris was 11.12 km away. Although still stronger

than the noise, the signai-to-noise ratio is considerably lower than when the range

was 1.85 km.

Regression Equations, Received Level vs Range

We experimented with many subsets of data and many forms of equations to

relate  received levels of seismic signals to range. In the Canadian Beaufort Sea,

with water depths between 15 and 30 m, seismic signais from ranges between 8 and
28 km, and frequencies around 150 Hz, we found the equation

RL = 170.1-1.39 R -10 Iog(R)

provided a good fit to the data, where RL is the received

Eq. (1)

Ievel  in dB//1uPa  and R

is range in km (Greene, 1982, pp 313-320, 338). This was an agreeabie  result

physically. We expected cylindrical spreading loss (1 O log(R)) in shallow water and

the ‘R’ term represented 1.39 dB/km loss due to aborption-like  effects, which was

certainly feasible. It seemed unwise to apply the equation to ranges much less

than 5 km because of two effects at close ranges. One is that spherical spreading

(20 log(R)) is expected near the source, and the second is that seismic signals are

so large that finite amplitude effects must prevail at closer ranges and the

propagation loss would be greater than one predicts from Iinear  sound

propagation.

The Northern Lighter data extend in range from 1.62 to 11.34 km. In water

only 20 m deep we might have expected the spreading losses to become cylindrical

before 1.6 km, but we had little idea about the extent of finite amplitude effects.

In a simple graph of all the data from both the 9 and 18 m depths, excluding

measurements showing possible distortion, it appeared that results from the two
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depths, although noticeably dtiferent, overlapped sufficiently to warrant

considering them as one data set. We computed regression coefficients for the

general equation

RL = const + abioss

where ‘const’  is the constant term that

transmission loss to the reference range,

R + sprIoss  log(R) Eq. (2)

accounts for the source leve!  and the

‘abloss’ is the absorption loss coefficient

and ‘sprloss’  is the spreading loss coefficient. The result was the equation

RL = 185.6  + 1.22 R -46.6 log(R) (rho sq = 0.924, n = 38) Eq. (3)

with standard error 2.6 dB. Although a reasonably good fit to the measurements,

physically this was not a satisfactory result because the absorption loss

coefficient was positive, providing a gain in received level of 1.22 d13/km.

. Regression coefficients for the data for 9 and 18 m depths separately were not

too dlff erent.

We tried two other basic equations. One was in the same form as Equation

(2) above but permitted the analyst to assign the spreading loss coefficient. To

perform this type of regression required the spreading loss term to become part of

the dependent variable, wtilch presents a conflict because the spreading Ioss is

range (independent variable) dependent. The coefficient of determination (rho

squared) and the standard error have to be interpreted dlff erently.

With cylindrical spreading a forced condition, the result was

RL = 177.8 -1.8 R - iO log(R).

Thk equation is similar to Equation (1) for the Canadiari

With spherical spreading a forced condition, the result was

RL = 179.9- 0.97R -20 log(R).

Eq. (4)

Beaufort Sea above.

Eq. (5)

This equation is plotted in the graph in Figure B-8, along with the 38 data points.

The curve &lffers  from the curve for Equation (3) above (not shown) in that the

general equation is steeper at short ranges, passing closer to the 1.62 and 1.85 km
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points, ancl less steep at the long ranges, appropriate to the large spread in the

measured received levelsat 9.3and 11.3 km.

The other basic equation tested involved only the spreading loss term, In

effect, the absorption loss term wasset  to zero. The result for the 38 data points

from depths of9and 18m was Equation (6): .

RL=183.CI-  32.76 log(R) Eqe{6)

with rhosq= 0.913 andstandard  error =2.7’ dEl. The resulting curve is shown with

the data points in Figure B-9.
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The results of the experiment reported here follow the general form

expected for the transmission of seismic survey signals in the shallow waters of

the Beaufort Sea. The questions raised may be reiated to higher-order effects

than the simple geometrical spreading plus a combination of absorption and

reflection losses used in a model equation. In the case of seismic signals in the

Canadian Beaufort Sea over ranges between 8 and 28 km, a simple model for

received signal level with only a spreading loss term (no range-dependent term)~

the result was -62 log(R). When the range-dependent term was added, a loss of

1.39 dB/km resulted and the spreading loss term became cylindrical, or -10 log(l?).

In the present case, the result with no range-dependent term was about -33 log(R),

and we expected the addition of such a term would result in a modest loss per unit

range and a reduced spreading 10SS coeffkient. Instead, the range-dependent

term was positive and the spreading loss coefficient increased in magnitude.

However, when spreading loss was forced to be spherical, the range-dependent

term was 0.97 dB/km. When cylindrical spreading was forced, the range-

dependent term was 1.8 dB/km, not very different from the 1.39 dB/km found in

the Canadian Beaufort i

It would be interesting to know what would have happened at longer ranges~

as there was either an extraordinarily low received level from 9.27 km or an
extraordinarily high received level from 11.12 km, or both. To check on these

points we analyzed an additional signal at each of these ranges. The results were

consistent.

There was a change in dominant frequency from 60-80 Hz for ranges up to

3.7 km to over 200 Hz for ranges above 4.1 km. We would not expect a change in

the aspect of the source airgun array to account for this sudden change. Rather,

it is likely to be the resuIt of a sound propagation phenomenon having to do with

the structure of the medium between source and receiver. Perhaps an ice floe

interfered in some way.
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